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K ii lr rrro.mil " f « h « Invention 

c Kv which oxygen and nutrients are supplied to living 
Blood vessels are the means by which oxyge 

by which new blood vessels are formed. See, ^genesis is a 

«*ifl.inmi 10934 1992. Thus, where appropriate, angiogc 

have a suffictent supply of oxygen u in its proper equilibrium is so 

eritica, to a range o n— ^ ^ rf ^ by 

angiogenests process » behoved to b g ^ 
proteases seereted from endomehal eells (EC) acttvated by g 

.. , ^fe^orfVEOF) and basic fibroblast growth factor (Wur). 
endothehal growth factor (Vbtrf) an „ H othelial ceU sprouts into the 
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The rate of agenesis involves a change in «he .oca. e^hhnun, etween posrfive 
and negative tegulators of dre gnowth of microv.sse.s. The therapeutic npphcanons of 

Jl factors were fits, described by Folkman and colleagues ovet two decades 
ago^olkman!^^"^ ^ 285:1182-1186, 1971). Abnormal angiogenesis occurs when 
ago \r oiki nna ; OB enesis resulting in either excessive or 

H *«— • " S ° riaSiS -* rhe T 0id degree of angiogenesis is desirah.e, e.g., 
Si There are instances where a greater degree oi ang g 

increasingb.oodclrcularion.woundhealing.andtdcerheahng. 

. ui • ^ a*, feasibility of using recombinant angiogenic growm 
investigations have eaabh* - *. f-*£ „ a , „ 257;1 401- 

such as fibroblast growth factor (FGF) tody « ^ 

mm lQ92 Baffouretal.,J. Kasc. Swg. 16.181-yi, i^, « 

140 3, 1992, Batto , endothehal 

(ECGF; Pu et al., J. Sur g . Res. 54:57540. 1993), ^ ^ 

and destroy cartilage. In diabetes, new f witness Tumor 

growth and metastasis are angiogenesis-dependent. A tumo 

•11 ui^^ri „««ei« for the tumor itself to grow. 
25 ofthesediseasea,—. Agents w,uch prevent 

The current pp tNP-470) monoclonal antibodies, anusense 

„ncletc acrds and protems (^g g ^ ^ pro(eins „ 

M ^rjl^Z si^Tatcdifficuhtouscandproduce. Moreover, 

needed. New antiangiogenic agents that show improvement in size, eas 
stability and/or potency would be desirable. 
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Nummary ui — 

It te now been discovered ft* nneleic acid molecules, inc.uding oligonucleotides, 
have inTinsic anliangiogenesis properties apart from the protein, snch nucleic actds may 

According to one aspect of Ore invention, nrethods for inhibiting angiogenesis are 

subject in some embodiment two or more antiangiogemc nucleic acrd molecules are 
Stared In omer embodiment non-nucleic acid antiangiogenic agents also are 
US and agen,s ma, are effective against omer aspects of an angiogemc condition 

antiang g^lu Lc acid molecule, formulated in a pbannaceuU ^-^,0 = 
rr^eLve amoun, for inhibiting angiogenesis. The companions in certain embryo* 

non-nndeic acid antiangiogenic agents and,or agents ma, are effective agains, omer 
aspec* of an angiogenic condition (e.g., ^cartce . ag^ ^ ^ 

According ,0 still other aspects me invenhon, kits are provtoe 
confer housing a, leas, one angiogenic nucleic acid molecule and ,„s«nictions for 

angiogenesis. In certain embodiment a second confer housmg a, leas, one non-nuc.eic 
^ antiangiogenic agen, is also provided. In omer embodiments of me foregoing ki t 
"Lner housing a, leas, one anticancer agent is provided. In certam , embodiment 
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condition fta, is no, cancer or a ana examples of such conditions are listed throughout 

nucleic acid molecu.es include a, leas, one sequence ser for* as SEQ ID NOs: MOM. The 

si——— — t^st 

THe nucleic acid may be administered alone or in conjunct with a pl— fie* ^ 
acceptable carrier and optional* ofter tirerapcutie agen, S . In some em— *. -*« 
acid is a CpG nue.eic acid, InOuding tirose having an unnreftylated CpO mouf, a T-neh 

mo dif.cation. In some embodiment* tire modified backbone ,s a pepfde m drfied 
^nucleotide backbone. The nucleotide backbone may be chimeric, or tire nudeotrde 

backbone is entirely modified. 
k The nudeic acid can have any length grearer ft. 6 nucleotides, bu, m some 

Cl nucleic aciu P stranded or double stranded. In 

.it ™ nucleotides The nucleic acid may be single stranaea or uu 
j= ! or at least 30 nucieouaes.. men , • c :<4 maY 

some embodiments tire nucleic acid is isolated and in other embodmrenK he nucleK ,u* - 
20 be a synftetic nucleic acid. The angiogenic nucleic acids in some .nstances are no, 

""e.eicacidinoneemh.fime,., — 

wherein C is unmethylated, wherein X,X2,X 3 , ana A4 are 
25 I!" X, X 2 CGX3 X, y sequence of fte CpG nucleic acid is a non.pahnd.mrc sequence, and 
in other embodiments it is a palindromic sequence. 

„ some embodiment X,X, are nucleotides se.ec.ed fiom fte ? oup con^stingof. 

nucleotides selected from fte group counting of: TpT, CpT, ApT, TpO, Ap P 

A C CnC TpA ApA andCpA. In other embodiments X1X2 are GpA or GpT and X3X4 are 

aTandX3isapyrimidine. 



In oth er embodiments *e CpO nudeic acid has a secptence sefcc.ec ^ *e group 
consist of SEQ ,DNO: 1.3,4, ,4-16, ,S,4, a. 29, ,3-46, « 50 « £^ „ 
7, 72 76 87 90 91 93,94,96,98,102-124,126-128,131-133,136-141,146-150,152 153, 

„a\,7 320 327 329 335 337-341,343-352,354,357,361-365,367-369,373-376,378 
5 388 392 394 395, 399 40-404, 406-426, 42,-433, 434-437, 439, 44,-443, 445, 447 

495-502, 504-505, 507-509, 5,1, 5,3-529, 532-54,, 543-555, 564-566 68-576 , «. 
599 60,-605, 607-6,,, 6,3-6,5, 6,7, 6,9-622, 625-646, 648-650, 653-664, 666-^7, ^99 
706 708 709 7,1-716, 718-732, 736, 737, 739-744, 746, 747, 749-761, 763, 766-767, 769, 
7 2^7 " 8 -'783 785-786, 7900792, 798-799, 804-808, 8,0, 815, 8,7, 8,8, 820-832 5. 

' I „„bodimen,s,he Tri ch nuCeic acid is a po.y T nucleic a.d— n g ^ 
TTTT3. In yet other embodiments the poly T nucleic acid comprises 5 x '*"™* 4 

h ■ X X Xi and X4 are nucleotides. In some embodiments X1X2 is TT and/or X3X4 is 
wherein Xi, X 2 , X 3 ana A4^nu 
■ TT InotherembodimentsX.X.isselectedfromthegroupcons^ > 

N' * * „ T cc CA CG GT , GG, OA, and GC; and/or X 3 X4 is selected from the 

AA, AG, AC, CT, CC, CA, CO, u , » T QQ QA, and GC. 

fT4 TrT TC AT AA, AG, AC, CT, LL, LA.^ui.vj , 

f iv T nucleic acid motifs. In some embodiments the T rich nucleic acid compnses a, 
; ^2 "3 11.4, a, teas. 5, at leas, 6, a, leas, 7, or a,, east 8 T motifs. In other 
,east 2, a, least 3, a. east ^ ^ 6> ^ ^ ?> ^ „ 

25 "Uerembod^^ 

, * « 4 i M «t at least 7 at least 8, or at least 9 contiguous T 
least 3 at least 4, at least 5, at least 6, at least / , ai ic^ , 

*nd wherein at least 3 motifs each comprises at least 3 contiguous in 
30 "po,yTmo ti fsisa t ,eas t 4mo ti fsa,dwhereinmeat,eas.4mo6fseac h compnses 

at least 3 contiguous T nucleotide residues. 



i — 

Q 

s° 

H; 
in 

a - 



c 



The T rich nucleic acid may include one or more CpG motifs. The motifs may be 
m ethylated or unmethy.ated. In outer embodiments the T rich nucleic acid is free of one or 

more CpO dinucleotides. 

In outer embodiments the T rich nucleic acid has poly A, poly G, and/or poly C 
motifs, in other embodiments the T rich nucleic acid is free of two poly C sequences of a. 
.east 3 contiguous C nuc.eotide residue, Preferab,y the T rich nucleic acid is fee of two po y 
A sequences of at Wast 3 contiguous A nuc.eotide residues. In other embodiments ft. T nch 
nudeic acid comprises a nucleotide composmon of greater man 25% C or greater than 25 A 
A. in ye, other embodiments the T rich nucleic acid is ftee of poly-C sequences, poly G 
sequences or poly-A sequences. 

,„ some eases titeT rich nucleic acid may be free of poly T motifs, bu, rather, 
comprises a nuc.eotide composition of greater titan 25% T. In outer embodiments tire T nch 
nucleic acid may have po.y T motifs and also comprise a nuc.eotide composition of greater 
than 25% T. In some embodiments the T rich nucleic acid comprises a nucleotide 

T, greater than 60% T, greater than 80% T, or greater than 90% T nucleotide restdue, . The 
T rich nucleic acid in some embodiments is selected ft om the group consrstmg of SEQ ID 
un .„ 73 75 142 215 226, 241, 267-269, 282, 301, 304, 330, 342, 358, 370-372, 393, 

882', 886', 905, 907, 908, and 9.0-9.3. In other embodiments the T rich nucletc adds arc 
sequence se.ected ftom the group consisting of SEQ ID NOs: 

208 214 224 233 244,246,247,258,262,263,265,270-273,300,305,316,317,343,344, 

687, 692, 693, 804, 862, 883, 884, 888, 890, and 891 . 

,„ some embodiments the poly G nucleic acid comprises: 5 X.X.GGGXsX, 
whereinX, X 2 . X,, and X, are nucleotides. In embodiments a. least one of X 3 and X, are ,n G 
or both of X 3 and X. are a G. In outer embodiments the poly G nucleic ac.d compnses fte 
« folnula: 5- GGGNGGG V wherein N represents between 0 and 20 nucWotides. In 
ye, Cher embodiment fte po.y G nuc.eic acid comprises fte following formula: 5 
„ CK W NGGGNGGG3-whe re inNre P re S en B be W een0and20nuc.eo«de,™e^.yG 

nucleic acid in some embodiments is selected ftom fte group — g of SEQ D NO . . 
6 73 2,5, 267-269, 276, 282, 288, 297-299, 355, 359, 386, 387, 444, 476, 531, 557-559, 733, 
768, 795, 796, 914-925, 928-931, 933-936, and 938. In other embodiment fte poly G 
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CpO^LU^o,— - motiterembodimen — P-XO— . 
• J • ^ or more CoG dinucleotides or poly-T motifs. 

separately or together, in the same phannaceutica, formation or separa, forntu! .ton, by 
ministered on a routine schedule. In another embodiment the other agen (s) e.g., 

Each of the Umirations of the invention ean eneompass vanons embodtments of th 
■ JT* s therefore, antieipated ma, eaeh of me ,—3 of the invenfon tnvolvmg 

firirf Description of the Drawings 

i, ,nr.o the effect of a CpG nucleic acid on angiogenesis as 
Figure 1 is a histogram showing the etiect 01 a 

measured by hemoglobin content. 

The drawing is no. reared for enablement of me claimed mventton. 

nescrip"-- " f "" '-ve°rt°° 

The present invention inc.ndes compositions ma. include antiangiogenic nucleic actus 
1 he present u treatment of diseases that are 

m d methods of using the antiangiogenic nuc.etc actds for the treatment 



a composition comprising an effective 
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human or animal with the undesired angiogenesis < 
to «o a tit^r organ. Under norma! physiological conditions, humans or annuals undergo 



normally observed in wound healing, ft* and embryonal development and formation of *e 
corpus luteum, endometrium and placenta. The term ••endothelium" means a dnn layer of flat 
epithelial eells drat lines serous cavities, lymph vessels, and blood vessel, The term 
-endothena. inhibiting activity" means the capability of a molecule to inhibit angmgenes, m 
general and, for example, to inhibit the growth of bovine capillary endothe.ial cells m culture 
in the presence of fibroblast growth factor. 

Antiangiogenie nucleic acids are effective in treating diseases or processes drat are 
mediated by, or involve, angiogenesis. The present invention includes the method of .rearing 
m angiogenesis mediated disease with an effective anroun, of antiangiogenie nuderc ac.ds^ 
The angiogenesis mediated diseases ine.ude, but are no, limited to, solid tumors; blood bom 
uunors such as leukemias; tumor metastasis; benign rumors, for example hemangiomas 
acoustic neuromas, neurofibromas, trachomas, and pyogenic granmomas; pre-mahgnan, 
^ors; rheumatoid arthritis; psoriasis; ocular angiogenic diseases, for example, d.abettc 
retinopathy, retinopathy of prematurity, macular degeneration, corneal grafi rejectton, 
nonvascular glaucoma, retro.enta, fibroplasia, rubeosis; Osler-Wcbber Syndrome; myocardial 
angiogenesis; plaque neovascularization; telangiectasia; hemophiliac joints; angtofibroma, 

and wound granulation. • M 

Antiangiogenie nucleic acids may be uscm. in the treatment of disease of excesstve or 
abnormal summation of endodrelial cells. These diseases include, bu, are not Itotted to, 
intestinal adhesions, atheroselerosis, scleroderma, and hypertrophic scars, i.e., kelotds. 
^angiogenic nucleic acid can be used as a birth eontro! agent by preventing vasculanzatton 

required for embryo implantation. 

Antiangiogenie nucleic acids may be useful in the treatment of condmons 
characterized by abnormal epithe.ial cell proliferation, sueh as proliferative dermatome 
disorders. These include conditions such as keloids, seborrheic kerafosis, paptUoma vtrus 
infection (e.g. producing verruca vulbaris, verruca plantaris, verruca plana, condylomata, etc.) 

and eczema. , • MO 

Antiangiogenie nucleic acids may be useful in me treatment of precancerous festons 

such as epithelial precancerous lesions. An epithelial precancerous lesion is a leston of 

. epitheUa. cell origin mat has a propensity ,o develop into a cancerous conditton. An example 

is a precancerous skin lesion. Epithelial precancerous skin lesions also anse from other 

proliferative skin disorders such as hematomas, keloids, eczema and papilloma vtrus 

Lections producing verruca vulbaris, verrtaca pl antaris and verruca planar. The sympfoms of 
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fte epi.he.ia! precancerous lesions include skin-colored or red-brovm macule or papule wtth 
dry aleren. scales. Acinic Keratosis is ft. most — epithelial precancerous les.on 
lug fair sinned individual, ., is usual* presen, as .esions on the skm whrch may or may 
no, be visually durable. Tbe size and sbape of fte tesions varies. „ is a photosenstttve 
disorder and may be aggravated by exposure to sunlight. Bowenoid actinic keratosrs ,s 
anofter form of an epifteUal precancerous lesion. In some case, the lestons may develop 
into an invasive form of squamous cell carcinoma and may pose a sigmfican threat 
.netastasis Other types of epithelial precancerous lesions include hypertrophrc acunrc 
~™JL~fc Hydrocarbon .teratosis, thermal keratosis, radiation keratosr, 
Ptosis, BoWs disease, eryftroplaquia of q ueyra, ora, eryftroplaquia, leukoplakta, 

and intraepidermal epithelialoma. 

Angiogenic nucleic acids may be used in combination with other compostttons *rd 
p^I for 1 — t of diseases. For examp,e, a tumor may be treated con— 
with surgery, radiatton or chemotherapy combined with angiogenic nue.,c ac, s ™i ften 
anUangtogle nucleic acids may be subsequent* administered to fte patten, ,o extend fte 
HI 'of micrometastases and to stabilize any residual primary tumor. fit some mstance 
tZy be preferable ,o administer fte antiangiogemc nucleic acids speciftcally to a srte hkely 
» hlr a metastatic lesion (fta, may or may no, be clinically discemiUe a, fte 
sustained release formulation implanted specifically a, fte she (or fte ttssue) where fte 
metastatic lesion is likely ,o be would be suilabte in these latter ins,ances. 

,„ some embodiment, the angiogenic nudeic acids of fte inventton do no. 
interfere wift specific receptor-.igand interactions a, the eel, surface of a ce.l, thereby causutg 
I Simulation or inhibition of signaling through such receptors. Tnese interacts mc.ude 
ftose involving heparin binding receptor, VEGF receptor, or EOF receptor. 

acids, meaning ft, ftey do no, fimction by binding to complement genomrc DNA or RNA 
species wiftin a cell and thereby inhibiting the function of said genomtc DN A or RNA 
species in important embodiments, fte antiangiogenesis nucleic acid does no, comprtse 

30 a VEGF encoding sequence). 

The effective dosage for inhibition of angiogenesis in vivo, which can be defined as 
inhibition of capillary endothelial cell proliferation and/or migration and/or blood vessel 
ingrowft, can be exttapolated fiom in vitro inhibitton assays. In vitro assays have been 
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developed to screen for inhibition of angiogenesis. Events that can be tested to assess 
angiogenesis inhibitors include proteolytic degradation of extracellular matrix and/or 
basement membrane, proliferation of endothelial cells, migration of endothelial cells, and 
capillary tube formation. The chick chorioallantoic membrane assay (CAM), descnbed by 
Taylor and Folkman (Nature 297:307-312, 1982), can be used to determine whether the 
compound is capable of inhibiting neovascularization in vivo. 

In some embodiments, the antiangiogenic nucleic acids are administered m doses, 
routes and schedules (and also in therapeutic cocktails) that would not result in the stimulation 

of an immune response. 

The effective dosage is dependent not only on the seqnenee of the nuelete aetd 
molecules used for inhibition of angiogenesis, bu, also on the method and means of dehvery 
which ean be localized or systemic. For example, in some applications, as in the treatment of 
psoriasis or diabetic retinopathy, the inhibitor preferably is delivered to a toptcal or 
ophthalmic carrier. In outer applications, as in the treatment of solid tumors, the inhtbttor 
i preferably is delivered by means of a biodegradable, polymeric tmplant. 
! ' An -antiangiogenic nucleic acid" as used herein is any nucleic acid contamrng an 
antiangiogenic motif or backbone .hat inhibits capillary endothelial ce.l proliferation and/or 
migration and/or blood vessel ingrowth. 

The compounds useful according to the invention are nucleic acids. The nuclete actds 
may be double-stranded or single-stranded. Generally, dortble-shanded molecules may be 
more stable in vivo, while single-stranded molecules may have increased activity. The terms 
"nucleic acid" and -oligonucleotide- refer to multiple nucleotides (i.e. molecules compnsmg 
a sugar (e.g. ribose or deoxyribose) linked to a phosphate group and to an exchangeable 
orglc base, which is either a substituted pyrimidine (e.g. cytosine (C), thymine CO or uract. 
(U» or a substituted purine (e.g. adenine (A, or guatune (G» or a modified base. As used 
herein, the terms refer «o oligoribonucleotides as well as oligodeoxyribonucleotides The 
terms shall a!so include polynuc.eosides (i.e. a polynucleotide minus me phosphate) and any 
other organic base containing polymer. Nucleic acid molecules as used herein tnclude 
vectors, e.g., plasmids, as well as oligonucleotides. 

The terms "nucleic acid" and "oligonucleotide" also encompass nueletc actds or 
oUgonucleotides with a covaiently modified base and/or sugar. For example, drey tnclude 
nudeie acids having backbone sugars which are covaicntiy auachen ,o low molecular wergh, 
orgamc groups outer man a hydroxyl group a, me 3' position and other man a phosphate group 
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at tire , position. Thus modified nuCeic acids may include a 

addition Modified nucieic acids may include sugars such as arabinose nrstead of nbose. Thus 
acids may be he,ero g eneous in backbone con.posi.ion .hereby contamrng any 

have amino acid backbone with nucleic acid bases). In some enrichments me nnc.e.c 
are homogeneous in backbone composition. 

The sub,im,ed purines and pyrimidmes of me nucleic acids include 
ana pyridines such as cytosine as wen as base anaio g s such as C-5 
bases (Wagner e. a,, Na,ure BH**** l«4C 844, ,9%). Punnes and pyrumdmes 

bu, are no. limited .o adenine, cyrosine, guanine, thymine, 
2-aminopurine, 2-amino-6-ch,oropurine, 2,6-diaminopurine, hypoxanthme and other 
nZuy and non-naturally occurring nuc.eobases, snbstimted and unsubstituted aromatrc 

^The nudeic acid is a linked polymer of bases or nucleotides. As used herein with 
respected units of a nucieic acid, ".inked" or »linka g e» means two enrit.es are hound o 
I ctomerbyanyphysi^hemicalmeans -V Hnka g e known to .o« o«^. m 
me art covalen, or non-cova,ent, is embraced. Such linkages are we,, known to tirose 

nucleic acid may be linked, however, by synthetic or modified l.nkages 

Whenever a nucleic acid is represented hy a sequence of .criers i, w... o^ 

denotes cy.os.ne, »G» denotes g uanosine, T denotes thym.dme, and U denotes urac 
•""tSlL— usefidac.mmgtomemvenfioncanheoo^edf.mn^ 
, • I'd sources (eg g enomic nuclear or mitochondrial DNA or cDNA), or are synthetic 
:r;^.i o—synmeais, acids isolated nom ^,c 

Lid sources are referred to herein as native, natural, or isolated nucle,c ac.ds. The nnc.e.c 

sources, prokaryotic sources, nodes, DNA, nutochondnal DNA, etc. Thus, 
acid encompasses both synthetic and isolated nucleic ac.ds. 

L term "isolated" as used herein refers to a nucleic acid which is substantially free 
of or which is separated ftom components which it is normaUy associated with in nariue e.g., 
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nucleic acids, proteins, Upids, carbohydrates or I. vivo systems to an extent practical and 
appropriate for its intended use. .n parficmar, the nucleic acids are sufficiently pure and are 
sufficient,, free from outer bio.ogica. constituents of hos, ce„s so as to be useful tn, for 
example, prodncing pharmaceutical preparations. Because an isolated nude, actd of the 
invention may be admixed with a phatmaceuticaUy-accepfab.e carrier in a pharmaceutica! 
preparation, the nucleic acid may comprise only a small percentage by weigh, of the 
Ration. The nudeic acid is nonetheless substantially pure in ma, i, has been — » 
eparated from me subs«ances with which i, may be associa,ed in Uvmg sys em. The nudetc 
Jds can he produced on a large sca,e in plasmids, (see Sambrook, T„ <>°>-'^ 
Cloning: A Laboratory Manuaf, Co,d Spring Harbor ,abora,ory Press, New York, 1989) «d 
separated in,o smaller pieces or adminis,ered whole. Afrer being administered to a subtec, me 
p,asmid can be degraded in,o oligonucleotides. One skilled in the art can purrfy vnal 
bacterial, eukaryotic, e,c. nucleic acids using standard techniques, such as those emp.oy.ng 
reaction enzymes, exonucleases or endonucleases. . 
„ For use in me ins,an, invention, me nuc.eic acids can he symhesrzed * 

Si any of a number of procedures well known in,he art. For example, tire 
» phosphoramidne method (Beaucage, S.L., and Caru,hers, M.H., Te, U, 22:1859 198 ), 
O P nu!, l" _ . 27-4051-4054, 1986; Froehlere/. 

k nucleoside H-phos P hona,e memod (Garegg <*»/., 7*. I«. 22.405 , 

a, M to. 14:5399-5407, 1986, ; Garegg e, al, Te,. UL 22:4055-4058, 986, 
» Gafmey « „/., W UL 29:26,9-2622, 1988). These chemisfries can be performed by a 
variety of au,oma,ed oligonucleotide synthesizers available in me market 

In some embodiment me nuc.eic acids useful according to me inventton may 
faction as immu„os,imu.a,ory nuc.eic acids. An inrmunostimulatory nuc.eic acid ts any 
nucleic acid, as described herein, which is capable of modulating an immune response. A 
25 nucleic acid which modu.a,es an immune response is one which produces any form of 

immune s,imu.a,ion, inc.uding, bu, no, hmited ,o, induction of a cytokine, « ~« " 
Z activation, monocyte activation. ,mmunostimu.a,ory nuc.eic acids include, bu, are no, 
tL ,o, CpG nucleic acids, T-rich nucleic acids, poly O nuc.eic acids, and nucle.c actds 
having phosphate modified backbones, such as phosphorothioafe backbones. 

A -CpG nucleic acid" or a "CpG ^angiogenic nuc.eic acid" as used herem ts a 
nudeic add conuuning a. leas, one urnnethylated CpG dinudeotide (^sine-guanme 
dinucleotide se q ue„ce, i.e. "CpG DNA" or DNA comaining a * cyutsm. foUo^d hy 3 
g uanoshre and .inked by a phosphate bond, and inhibits angiogenests. The enure CpG nucletc 
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acid can be unmeditated or portions may be unmethy.ated but a, M the C of*. 5' CO 3' 
^'"Zltllen trheinventio nprov.es a CpO nueU, a,d represent by a, >eas, 
the formula: 

5 r NiXiCGX 2 N 2 3* 

5 serein X, and X, are nuc.eoudes and N is any nue.eo.ide and N, and N, are nueleie aeid 
sciences composed of from abou, 0-25 N's eaeh. In some embodiments 
gline, or thymine and/or X 2 is cytosine, adenine, or thymine. In other embodtments X, 

u. cytosine and/or X 2 is guanine. fnm „\ a . 

.no^embodimentsmeCpGnudeieaeidisrepresentedbyatleastmeformuia. 

5TS.,XiX 2 CGX 3 X4N 2 3' 

„ ei „X X,X 3 and X4 are nucleotides. In some embodiments, X,X 2 are nucleotides 
wherein Xi, X 2 , ^3, a" u ^* T r A c a 

- se.ected from me gronp consisting of: GpT, OpO, GpA, ApA, ApT, ApG, CpT, CpA CpG, 
1" TpA TpT and TpG; and X 3X4 are nuclides selected from ,he group consisting of. TpT, 
k Z' ApT TpG ApG, CpG, TpC, ApC, CpC, TpA, ApA, and CpA; N is any nucleot.de and 
f ^ are n c,I acid ser.uencea composed of ftom abou, 0-25 each, Insome 

* both are purines and X 3 or X* or both are pyrumdmes or X,X 2 are GpA and X 3 
are pyrimidines. 

20 In another embodiment the CpG nucleic acid has the sequence 

v our, in rjCK- 1 3 4 14-16, 18-24,28,29,33-46,49, 50, 
,o mose listed in Table 1, such as SEQ ID NOs. 1,3,4, , 

« 56 58 64-67 69 71,72,76-87,90,91,93,94,96,98, 102-124,126-128,131-133, 136 
r^rC^ 53. 55-171, 173-178, .80-.86, ,88-198,20., 203-2,4, 2.6-220, 223, 
2 4 27 0 4 -256 258, 260-265, 270-273, 275, 277-28, , 286-287, 292, 295-296, 300, 
02 3o " 07 1,2 3,4-3.7, 320-327, 329, 335, 337-34,, 343-352, 354, 357, 36,-365, 
7 " 78-385, 388-392, 394, 395, 399, 40,-404, 406-426, 429-433, 434-437 
4 9 441- , 44 , 447, 448, 450, 453-456, 460,64, 466-469, 472-475, 477, 478 480, «- 
„ 485 488 489 492 493, 495-502, 504-505, 507-509, 5,1, 5.3-529, 532-541, 543-555, 564- 

66-697 699-706, 708, 709, 71,-7,6, 7,8-732, 736, 737, 739-744, 746, 747, 749- 
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8,7, 8.8, 820-832, 835-846, 849-850, 855-859, 862, 865, 872, 874-877, 879-88., 883-885, 

888-904, and 909-9.3. 

A T rich nucleic acid" or "T rich angiogenic nucleic acid" is a „ucle,c acd which 
incudes a, leas, one po.y T sequence and/or which has a nucleotide composition of greater 
than 25% T nucleotide residues and which inhibits angiogenesis. A nucleic acid having a 
pCv-T sequence includes a, lea. four Ts in a row, such as 5--TTTT-3'. Preferably the T rich 
nuc ,eic acid includes more than one po, y T sequence. .„ preferred embodiments *e T nch 
nucleic acid may have 2, 3, 4, etc poly T sequences, such as SEQ ID NO:246 or SEQID 
NO-433 Other T rich nucleic acids have a nucleotide composition of grearer than 25 /o T 
nuc.eo.ide residues, hut do nor necessari.y inc.ude a po.y T sequence, .n these T rich nueletc 
acids me T nucleotide resides may be separated from one another by other types of nuclide 
residues i e G, C, and A. In some embodiments the T rich nucleic acids have a nucleohde 

^idues and every integer % in between. Preferably the T rich nucle.c acids have a, east 
po.y T sequence and a nucleotide composition of greater man 25% T nucleottde restdues. 
,n one embodiment me T rich nucleic acid is represented by at leas, the formula: 

5 , X,X2TTTTX 3 X 4 3' 

wherein X, X 2 ,X 3 , and X, are nucleotides. In one embodiment X,X 2 * 
TT In another embodiment X,X 2 are any one of the following nucleotides TA, TG TC, AT, 
AA AG AC, CT, CC, CA, CG, GT, GG, GA, and GC; and X 3 X< are any one of the 

, a ta TC TC AT AA AG AC, CT, CC, CA, CG, GT, GG, GA, and 
following nucleotides TA, TG, TC, A 1 , AA, au, , 

GC ' in some embodiment I, is preferred ma, the T-rich nucleic acid does no, contain poly 
C (CCCC), poly A (AAAA), poly G (GGGG), CpG motifs, or multiple GGs. In other 
embodiments the T-rich nucleic acid includes these motifs. Thus in some embodiments of Ore 
invention the T rich nucleic acids inc.ude CpG dinuc.eo.ides and in Cher embodiments die T 
rich nudeic acids are free of CpG dinuc.eo.ides. The CpG dinucleoddes may be mediated 
or unmethylated. 

Examples of T rich nucleic acids .ha, are free of CpG nucleic acids include bu, are no, 
, « ,o those listed in Table 1, such as SEQ IDNos: 59-63, 73-75, .42, 215, 226, 24. 267- 
2 69, 282, 301, 304, 330, 342, 358, 370-372, 393, 433, 471, 479, 486, 4,1, «^»"* 
567 694 793-794, 797, 833, 852, 861, 867, 868, 882, 886, 905, 907,908, and 9.0-9.3. 
Examples of T rich nudeic acids that inc.ude CpG nucleic adds include bu, are no, limned ,0 
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those .^.nTab.e 1 , such as SEQ ID Nos: 64, 98, 1 1 2, .46, .85, ^208 2 .4 22 4 2,3 
244 246 247, 258, 262, 263, 265, 270-273, 300, 305, 316, 3.7, 343, 344, 350, 352, 354, 374, 
m, 392', 407, 4. ,-4,3, 429-432, 434, 435, 443, 474, 475, 498-50,, 5, 8, 687, 692, 693, 804, 
862, 883, 884, 888, 890, and 891. . ... 

P„,y Q containing nucleic acids are also useful in accordance with the mvenuon. A 
..po, y O nucleic acid" or "poly O angiogenic nucleic acid" is a nucleic acid which inches 
a, M one po,y G sequence and/or which has a nuc.eolide composition of greater than 25 /. 
O nuc.eot.de residues and which inhibits anglogenesis. A varied of refe^ mc.trftng 
u Pisetsky and Reich, ,993 Mol B,o,. Re P or,s, .8:2,7-22,; Krieger and Her, ' * 
& 63:60.-637; Macaya e. a,., 1993, PSAS. 90:3745-3749; Wya« e. ah, 1994, ««* 

g 9. ■ 1356-1360; Rando and Hogan, ,998, In Applied Antisense Oltgonucleobde Technology, 
J, I,.' Krieg and Stein, p. 335-352; and Knnura e, a.., 1994, , — . 1.6, 99,-994 desenhe 
5 the properties of poly G nucleic acids. 

lfi Poly G nucleic acids preferably are nucleic acids having the following formulas: 

L. * 5'X,X 2 GGGX 3 X4 3' 

S ? whe re mX 1 ,X 2 ,X3,andX.arenuc 1 e„,ide S .^^ 

5 areaG In other embodiments both of X 3 and X. are a O. In yet other embodnnenB the 
S preferred formula is 5' GGGNGGG3', or ,• GGGNGGGNGGG 3' wherein N represents 

between 0 and 20 nucleotides. In outer embodiments the Po,y G nucleic acid is free of 
, unmcthylated CG dinucleofidcs, such as, for example, the nucleic acids 

,DNos- 5, 6, 73, 2,5, 267-269, 276, 282, 288, 297-299, 355, 359, 386, 387, 444, 476, 531 
557-559 733, 768, 795, 796, 914-925, 928-931, 933-936, and 938. In other embodiments the 
pol y G nucleic acid includes at .east one numerated CG dinuc.eotide, such as f™p,e, 

25 2,4 224, 264, 265, 3,5, 329, 434, 435, 475, 519, 52.-524, 526, 527, 535, 554, 565, 609, 628, 
660, 661, 662, 725, 767, 825, 856, 857, 876, 892, 909, 926, 927, 932, and 937. 

The ^angiogenic nucleic acids of the invention can also be those whtch do no. 
possess CpO,poly-0, or T-rich motifs. 

Nucleic acids having modified backbones, such as phosphorothtoate backbones, also 
,„ fall within the class of immunosumulatory nucleic acids. U.S. Patents Nos. 5,723 335 and 
5 663 .53 issued ,0 Hutcherson, e, a., and related PCT publication WO95/26204 desenbe 
tomne stimulation using phosphorothioate oligonucleotide analogues. These patents 
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describe the ability of the phosphorothioate backbone to stimulate an immune response in a 

non-sequence specific manner. 

The antiangiogenic nucleic acid molecules may be any size of at least 6 nucleotides 
bu, in some embodiments are in the range of between 6 and 100 or in some embodiments 
between 8 and 35 nucleotides in size. Nucleic acids can be produced on a large scale m 
plasmids. These may be administered in plasmid form or alternatively they can be degraded 
into oligonucleotides before administration. 

"Palindromic sequence" shall mean an inverted repeat (i.e. a sequence such as 
ABCDEE'D'C'B'A' in which A and A' are bases capable of forming the usual Watson-Cnck 
base pairs and which includes at leas. 6 nucleotides in the palindrome. In vivo, such 
sequences may form double-stranded structures. In one embodiment the nucleic acid contarns 
a palindromic sequence. In some embodiments when the nucleic acid is a CpG nucleic actd a 
palindromic sequence used in this context refers ,0 a palindrome in which the CpG ts par. of 
the palindrome, and optionally is .he center of the palindrome. In another embodmren. ore 
nucleic acid is free of a palindrome. A nucleic acid tha, is free of a palindrome does no, have 
any regions of 6 nucleotides or greater in lengfh which aze palindromic. A nucleic acd ma. ,s 
free of a palindrome can include a region of less man 6 nucleotides which are palindrormc. 

A "stabilized nucleic acid molecule" shall mean a nucleic acid molecule mat .s 
relatively resistant to in vivo degradation (e.g. via an exo- or endo-nuclease). Stab.hzaUon 
can be a function of length or secondary structure. Nucleic acids tha. are tens «o hundreds of 
kbs long are relatively resistant to in vivo degradation. For shorter nucleic acids, secondary 
structure can stabilize and increase their effecf. For example, if the V end of an 
oligonucleotide has self-complementarity to an upstream region, so tha. it can fold back and 
form a sort of stem loop structure, men .he oligonucleotide becomes smbilized and merefore 

exhibits more activity. ...... , u 

Some stabilized oligonucleotides of the instant invention have a modtfted backbone. 
It has been demonstrated .hat modification of the oligonucleotide backbone prov.des 
enhanced activity of the nucleic acids when administer*, in vivo. Nucleic acids, inc.ud.ng a, 
ieast two phosphorothioate linkages at Ore 5' end of .he o.igonucleofide and mutap.e 
. phosphorothioate .inkages a. the y end, preferab.y 5, may provide maximal acttvuy and 

protect me oligonucleotide from degradation by intxacUular exo- and endo-nucleases. Other 
modified oligonucleotides include phosphodiester modified oligonucleotide, combinabons of 
phosphodiester and phosphorothioate oligonucleotide, methylphosphonate, 
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m emylphosphorothioate, phosphorodidtioate, and combinations .hereof. Each of these 
combinations and their particular effect on immnne ceils is discussed in more detial , « PCT 
Published Paten, Applications claiming priority to U.S. Paten, Nos. 6,207,64681 and 
6 239 116B1, the entire contents of which are hereby incorporated by reference. It tsbeheved 
L these modified oligonucleotides may show more antiangiogenic activity dne to enhanced 
nuclease resistance, increased cellular uptake, increased protein binding, and/or altered 

intracellular localization. 

Other stabilized oligonucleotides inc.ude: nonionic DNA analogs, such as alkyl- and 
axy.-phospha.es (in which tire charged phosphonate oxygen is replaced by an alkyl or aryl 
group), phosphodiester and alkylphosphotiiesters, in which tire charged oxygen mo.ety ts 
■ • alkylated. Oligonucleotides which contain diol, such as tetraethyleneglycol or 

hexaetiryleneglycol, at either or bom termini have also been shown to be substantia,* 
resistant to nuclease degradation. 

For use in vivo, nucleic acids are preferably relatively resistant to degradation (e.g., 
endo-and exo-nucleases). Secondary structures, such as stem loops, can stabilize nucleic 
t acids agains, degradation. Alternatively, nucleic acid stabilization can be accomphshed va 
£ phosphate backbone modification, One type of stabilized nuc.eic acid has a, least a parttal 
JS phosphoromioate modified backbone. Phosphorothioates may be synthesized usmg 

automated technicpres employing eimer phosphoramidate or H-phosphonate 
2 „ Aryl-and alkyl-phosphonates can be made, e.g., as described in U.S. PatentNo. 4,46 863; 
' ' and alkylphosphohiesters (in which me charged oxygen moiety is alkylated as descnbed m 
U S Patent No. 5,023,243 and European Paten. No. 092,574, can be prepared by automaKd 
solid phase synthesis using commercially available reagent, Methods for making other DNA 
backbone modifications and substitirtions have been described (Uhlmann, E. and Peyman, A., 
25 Chem Rev. §0:544, 1990; Goodchild, J., Bioconjugate Chem. 1:165, 1990). 

Other sources of nucleic acids useful according ,o the invention inctade standard v,ral 
and bacterial vectors, many of which are commercially available. In its broadest sense a 
•Vector" is any nncleic acid material which is ordinarily nsed to deliver and facihtate tire 
naffer of nucleic acids to cell, The vector as used herein may be an empty vector or a 
* vector carrying a gene which can be expressed. In the case when tire vector is carrymg a gene 
tire vector generally transports the gene to .he target ceHs with reduced degradation 
the extent of degradation that would resuh in the absence of me vector. In mis case the vector 
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optionally includes gene expression sequences to enhance expression of the gene m target 
cells such as immune cells, but it is not required that the gene be expressed in the cell. 

In general, vectors include, but are not limited to, plasmids, phagemids, viruses, other 
vehicles derived from viral or bacterial sources. Viral vectors are one type of vector and 
include but are not limited to, nucleic acid sequences from the following viruses: retrovirus, 
such as Moloney murine leukemia virus, Harvey murine sarcoma virus, murine mammary 
tumor virus, and Rous sarcoma virus; adenovirus, adeno-associated virus; SV40-type viruses; 
polyoma viruses; Epstein-Barr viruses; papilloma viruses; herpes virus; vaccinia virus; polio 
virus- and RNA virus such as a retrovirus. One can readily employ other vectors not named 
but known to the art. Some viral vectors are based on non-cytopathic eukaryotic viruses m 
which non-essential genes have been replaced with a nucleic acid to be dehvered. 
Non-cytopathic viruses include retroviruses, the life cycle of which involves reverse 
transcription of genomic viral RNA into DN A. 

Standard protocols for producing empty vectors or vectors carrying genes (including 
the steps of incorporation of exogenous genetic material into a plasmid, transfection of a 
packaging cell line with plasmid, production of recombinant retroviruses by the packaging 
cell line collection of viral particles from tissue culture media, and/or infection of the target 
cells with viral particles) are provided in Kriegler, M., "Gene Transfer and Expression, A 
Laboratory Manual," W.H. Freeman CO., New York (1990) and Murry, E.J. Ed. Methods in 
Molecular Biology," vol. 7, Humana Press, Inc., Cliffton, New Jersey (1991). 

Other vectors include plasmid vectors. Plasmid vectors have been extensively 
described in the art and are well-known to those of skill in the art. See e.g., Sambrook et al., 
"Molecular Cloning: A Laboratory Manual," Second Edition, Cold Spring Harbor Laboratory 
Press 1989 In the last few years, plasmid vectors have been found to be particularly 
advantageous for delivering genes to cells in v/vo because of their inability to replicate within 
and integrate into a host genome. Some plasmids, however, having a promoter compatible 
with the host cell, can express a peptide from a gene operatively encoded within the plasmid. 
Some commonly used plasmids include P BR322, P UC18, P UC19, pcDNA3.1, SV40, and 
pBlueScript. Other plasmids are well-known to those of ordinary skill in the art. 
3 Additionally, plasmids may be custom designed using restriction enzymes and ligation 
reactions to remove and add specific fragments of DNA. 

Exemplary antiangiogenic nucleic acid sequences include but are not limited to those 

x , u i /cpo m NO- 1 to SEQ ID NO: 1093). The Table 
antiangiogenic sequences shown in Table 1 (SEQ ID JNU. i xo 
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Hsts the SEQ ID NO, nucleotide sequence of the oHgomtcleoude (ODN sequence), and 

backbone modification, if any. 

Backbone modifications are abbreviated as follows: 
S = phosphorothioate 

O = phosphodiester m 
SOS - phosphorothioate and phosphodiester chimeric with phosphodiester » nuddle 
SO - phosphorothioate and phosphodiester chimeric with phosphodiester on 3 end 
OS - phosphorothioate and phosphodies,er chimeric win, phosphodiester on 5 end 
S2 = phosphorodithioate 

S20 - phosphorodithioate and phosphodiester chimeric with phosphod.es.er on 3 end 
OS2 - phosphorodithioate and phosphodiester chimeric with phosphodiester on 5 end 
X = unknown 

p-ethoxy = p-ethoxy backbone; see, e.g., US patent 6,015,886 
PO = phosphodiester 

ODN sequence symbols, other than a, c, g and t, are as follows: 
i = inosine 
n = a, c, g, or t 
d = a, g or t 

h = a, c or t . a , « u „ 

b = c g or «; if »b" is single and is listed on 5' or 3' end of oligonucleot.de, men b 

indicates a biotin moiety attached to that end of the oligonucleotide 

q = 5-methyl-cytosine 

m = a or c 
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o = q or s 

x = if "x" is single and is listed on 5' or 3' end of oligonucleotide, then «x» indicates a 
biotin moiety attached to that end of the oligonucleotide 
z = 5-methyl-cytidine 

f = FITC moiety attached to 5' or 3' end of oligonucleotide 

Table 1 



SEQ ID NO: 



ODN SEQUENCE 



BACKBONE 
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63 1 tqctqcttqtqcttttqtgctt 

"64 1 gcattcatcaggcgggcaaga " 

cqagcttcgacgagattt 



65 



66 
67 



68 
69 



70 



71 



72 



73 



74 



75 



76 



77 
78 



79 



80 



81 



82 



83 



85 
86 



87 



88 



89 



90 



91 



92 



93 



94 



96 



97 



98 



99 



100 



101 



102 
103 



104 



105 



106 



107 



108 



109 



110 



111 



112 
113 



114 



115 



116 
117 



118 
119 



at 



tac 



qcatgacqttgagct 



ca 



cgttgaggggcat 



ctgctgagactggag 



tccatqacqttcctgacgtt 



qcatgagcttqaqctga 
tcaqcgtqcgcc 



atqacgttcctgacgtt 



ttttqggqttttqgqgtttt 



tctaggctttttaggcttcc 



tqcattttttaqgccaccat 



1- ct cccagcgt gcgtgcgccat 



i-r.tcccaqcqqqcgcat 



t- c t cccagcgagcgccat 



tctcccaqcqcgcg 



ccat 



qqqqtqacgtt 



cagggggg 



qqqgtccaqcgtgcgccatggggg 



qqqqtgtcgttcagggggg 



tccatatcqttcctgtcgtt 



tccatagcqttcctagcgtt 
tcgtcgctgtctccgcttctt 



qcatgacqttgagct 



tctcccaqcgtgcgccatat 



tncataazqttcctgazgtt 



qcatgazqttgagct 



tccagcgtgcqccata 



t ct cccagcgt gcgccat 



tccataagcttcctgagtct 



gca 



tgtcgttgaqct 



tcctgacattcctgacgtt 



qcatgatqttgagct 



gca 



qcatgtagctqagct 



tccaggacqttcctagttct 



f.ccaqgaqcttcctagttct 



1-r.caqqatqttcctaqttct 



tec 



aqtctaggcctagttct 



tccagttcgagcctagttct 
qcatggcqttqagct 



qcatagcgttgagct 



qcattgcqttqagct 



qcttgcqttgcgttt 



j-r.t cccagcgt tgegecat at 



t ct cccagcgt gcgt tat at 



t.ctccctqcqtgcgccatat 



tctgcgtqcqtgcgccatat 



fr.tcctaqcgtqcgccatat 



tct cccagcgt gcqcctttt 



qctandeghhage 



qqaagacgttaga 



tectqaegttaga 



tcaqaccaqctqqtcgqqtqttcctg 



tcaggaacacccgaccaqctqqtctga 
qctagtcgatagc 



O 



SOS 



SOS 
SOS 



Sos 



Sos 



sos 



sos 



SOS 



SOS 
SOS 



SOS 



SOS 



sos 

SOS 



SOS 
SOS 
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qctaqtcqctagc 
qcttgacqtctagc 



qcttgacqtttagc 



qcttqacgtcaagc 



qctaqacgtttagc 



tccatgacattcctgatgct 



qqctatgtcgttcctagcc 
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Ci 

p. 



iri 



ru 
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234 
235 



236 



237 



238 



239 



240 



241 



242 



243 



244 



245 



246 



247 



248 



249 



250 



251 



252 



253 



254 



256 



257 



258 



259 



263 



264 



267 



268 
269 



270 



271 
272 



273 



274 



275 



276 
277 



278 



279 



280 



281 



282 



285 



286 



287 



288 



289 



290 



rratqcattgcqttgcgtt 



Ri-pr^tccattctaqgcctaaqtcttccat 



:cca 



tagcqttcctaqcgtt 



+-r^ a tgtcattcctqtcgtt 



1-ncataacqatcctagcgat 



i-rrai-1-acattccttqcgtt 



i-rrafaacqqtcctagcggt 



^^q^.tttcctqcagttcctqatttt 



^rAi-nacattcctgcagttcctqacgtt 



qqcgqcggcqqcqqcqqcgg 



^-rrAr.qacattttcqacgtt 



tcqtcgttatcqttqtcgtt 



tcqtcqttttatcqttttgtcgtt 



tcqtcgttqtcqttttgt 



cgtt 



qcqtqcgttatcqttqtcgtt 



;zqqczqgczqgqczccgg 



jcqqcgggcaacgcqcgccc 



aqicccgigaacgiattcac 



tqtcqtttatcgtttqtcgtt 



tgt 



cqttqtcgt tatcgttqtcgtt 



tgt 



cattqtcqttatcgttqtcgtt 



tcqtcgtcqtcgtt 



tatcgttgtcgtt 



rr.r.CCCCCCCCCCCCCCCCC 



tctaqcgtttttaqcgttcc 



tgcatcccccaggccaccat 



tcgtcgtcqtcqtcgtcqtcgtt 



"26i tcqtcgttatcqttqtcgtt 
"262 1 tcgtcqttttqtcgttttqtcgtt 



tcgtcgttatcqttttqtcgtt 



qqqqagqqaqgaac 



tir.ttaaaattcccccaqaatgttt 



ittrt3Tjnn aa ^ ttaaqaaqttcctccct — 



"266 " atatttacttct^^^-tcccccaqaatgttt 



aa p a i-iT.f.aQaqqaattttaaQaaqtaaacat 



atgtttactagacaaaa 



i-i-nccccaqaatqttt 



aaa 



cattctggggg 



aa 



ttttqtctaqtaaacat 



..^ttflacattttaaaaaa 



rrrrnaacattttcccccc 



j-i-i-i-r.attatttttqtcgtt 



tcgtcqttttqtcgttttqtcgtt 



-tacagcctggga 



a rrr.atcataattatagtaaaaccc 



qqtacctqtggggacattgtg 
aqcaccgaacqtgagaqg 



^n^gncattcctqccgtt 



1-r.cataacqqtcctqacggt 



t r.nataccgqtcctqccggt 



tccatgcacqtcctqcgcgt 



tqqtctttctqqtttttttctgg 



283 tcagggqtgqqqgga acctt 
"284 tccatgazgttcctaqttct 



frr^i-qatattcctaqttct 



ccc 



aaaqtcatttcctcttaacctgg 



cca 



qqttaagag aaaatgacttcggg 



tcctggzqqggaagt 



qzqqzggqzqqzgzg zgccc 



i-rr^Qtacttcctqatgct 



OS 



SOS 



SOS 
SOS 



SOS 
SOS 



SOS 



SOS 



SOS 



SOS 
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Si 

c 



291 
292 



293 



294 



295 
296 



297 



298 



299 



300 



301 
302 



303 



304 



305 
306 



307 



308 



309 



310 



311 



312 



313 



314 



315 



316 



317 



318 



319 
320 



321 



322 



323 
324 



325 



326 



327 
328 
329 



330 



331 



332 



333 



334 



335 



336 



337 



338 



339 



340 



341 



342 



343 



344 



345 
346 
347 



tccatgtccttcctgatgct 



tccatgtcattcctaqttct 



j-rr.aaataattcctagttct 



i-rr^fqtaattcctagttct 



tcccqcgcattccqcqcgtt 
tcctqqcqatcctqqcqgtt 



1-cctqqaqqqgaagt 



j-cctaagggggaagt 



tcctggtgqggaagt 



tcqtcgttttqtcqttttqtcgtt 



ctqqtctttctqqtttttttctc 
1-r.p.at.aacqttcctqacgtt 



tccaqgacttctctcaggtt 



tzqtzqttttatzqttttqtzgtt 



btcqtcqttttqtcqttttatcqttttttt 



qctatqacqttccaaggg 
tcaacgtt 



tccaggac 



tttcctcaggtt 



ctctctgtaggcccgcttgg 



rfi-fr.nattagacccctggg 



qtccqggccaggccaaagtc 



gtgcgcgcgagcccgaaatc 



tccatgaiattcctqaigtt 
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Nucleic acids having modified backbones also are included in the class of nucleic 
acids having antiangiogenic properties. Modified backbone nucleic acids include those 
having phosphorothioate, methylphosphonate, methylphosphorothioate, p-ethoxy and/or 
phosphorodithioate internucleotide or internucleoside bonds. Chimeric oligonucleotides 
having mixtures of modified and/or unmodified backbones also are included in the invention. 

In the case when an antiangiogenic nucleic acid is administered in conjunction with a 
nucleic acid vector, it is preferred that the backbone of the antiangiogenic nucleic acid be a 
chimeric combination of phosphodiester and phosphorothioate bonds (or other modification 
of the internucleotide bonds). This is because the uptake of the plasmid vector by the cell 
may be hindered by the presence of completely phosphorothioate oligonucleotide. Thus when 
both a vector and an oligonucleotide are delivered to a subject, it is preferred that the 
oligonucleotide have chimeric or phosphorothioate internucleotide bonds and that the plasmid 
be associated with a vehicle that delivers it directly into the cell, thus avoiding the need for 
cellular uptake. Such vehicles are known in the art and include, for example, liposomes, 
electroporation devices and gene guns. 

For use in the instant invention, the antiangiogenic nucleic acids can be synthesized de 
novo using any of a number of procedures well known in the art. Such compounds are 
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referred to as "synthetic nucleic acids » For example, the b-cyanoethyl phosphoramidite 
method (Beaucage, S.L., and Caruthers, M.H., Tet. Let. 22:1859, 1981); nucleoside 
H-phosphonate method (Garegg et al, Tet. Let. 27:4051-4054, 1986; Froehler et al, Nucl. 
Acid Res 14:5399-5407, 1986, Garegg et al, Tet. Let. 27:4055-4058, 1986, Gaffney et al, 
Tet. Let. 29:2619-2622, 1988). These chemistries can be performed by a variety of automated 
oligonucleotide synthesizers available in the market. 

Alternatively, nucleic acids can be produced on a large scale in plasmids, (see, e.g., 
Sambrook, et al , U^^o^^^nM^, Cold Spring Harbor Laboratory 
Press New York, 1989) and separated into smaller pieces or administered whole. Nucleic 
acids can be prepared from existing nucleic acid sequences (e.g., genomic or cDNA) usmg 
known techniques, such as those employing restriction enzymes, exonucleases or 
endonucleases. Nucleic acids prepared in this manner are referred to as isolated nucleic acids. 
The term "antiangiogenic nucleic acid" encompasses both synthetic and isolated 

antiangiogenic nucleic acids. 

For use in vivo, nucleic acids are preferably relatively resistant to degradation (e.g., are 
stabilized). A "stabilized nucleic acid molecule" as used herein means a nucleic acid 
molecule that is relatively resistant to in vivo degradation (e.g. via an exo- or endo-nuclease). 
Stabilization can be a function of length or secondary structure. Antiangiogenic nucleic acids 
that are tens to hundreds of kilobases long are relatively resistant to in vivo degradation. For 
shorter antiangiogenic nucleic acids, secondary structure can stabilize and increase their 
effect For example, if the 3' end of a nucleic acid is self-complementary to an upstream 
region of the same nucleic acid, so that it can fold back and form a stem/loop structure by 
internal self-hybridization, then the nucleic acid may be stabilized and therefore may exhibit 

more in vivo activity. 

Alternatively, nucleic acid stabilization can be accomplished via backbone 
modifications. Preferred stabilized nucleic acids of the instant invention have a modified 
backbone It has been demonstrated that modification of the nucleic acid backbone provides 
enhanced activity of the antiangiogenic nucleic acids when administered in vivo. One type of 
modified backbone is a phosphate backbone modification. For example, antiangiogenic 
) nucleic acids including at least two phosphorothioate linkages at the 5' end of the 

oligonucleotide and multiple phosphorothioate linkages at the 3' end, preferably 5 or more, 
can in some circumstances protect the nucleic acid from degradation by intracellular exo- and 
endo-nucleases and thereby provide maximal activity. Other phosphate modified nucleic 
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acids include phosphodiester modified nucleic acids, combinations of phosphodiester and 
phosphorothioate nucleic acids, methylphosphonate, tnethylphosphorothioate, 
phosphorodithioate, p-ethoxy and combinations thereof. Some of these combinations in CpG 
nucleic acids and their particular effects on immune cells is discussed in more detail m PCT 
Published Patent Applications PCT/US95/01570 and PCT/US97/19791, the entire contents of 
which are hereby incorporated by reference. Although not intending to be bound by any 
particular theory, it is believed that these modified nucleic acids may have increased activity 
relative to unmodified nucleic acids due to enhanced nuclease resistance, increased cellular 
uptake, increased protein binding, and/or altered intracellular localization. 

Modified backbone nucleic acids, such as those having phosphorothioates bonds may 
be synthesized using automated techniques employing, for example, phosphoramidate or 
H-phosphonate chemistries. Aryl-and alkyl-phosphonates can be made, e.g., as described in 
U S Patent No. 4,469,863. Alkylphosphotriesters, in which the charged oxygen moiety is 
alkylated as described in U.S. Patent No. 5,023,243 and European Patent No. 092,574, can be 
prepared by automated solid phase synthesis using commercially available reagents. Methods 
for making other nucleic acid backbone modifications and substitutions have been described 
(Uhlmann, E. and Peyman, A., Chem. Rev. 90:544, 1990; Goodchild, J., Unconjugate Chem. 
1:165,1990). 

* Another type of modified backbone, useful according to the invention, is a peptide 
nucleic acid. The backbone is composed of aminoethylglycine and supports bases which 
provide the nucleic acid character. The backbone does not include any phosphate and thus 
may optionally have no net charge. The lack of charge allows for stronger DNA-DNA 
binding because the charge repulsion between the two strands does not exist. Additionally, 
because the backbone has an extra methylene group, the oligonucleotides are enzyme/protease 
resistant. Peptide nucleic acids can be purchased from various commercial sources, e.g., 
Perkin Elmer, or synthesized de novo. 

Another class of backbone modifications include 2'-0-methylribonucleosides (2'-0- 
Me) These types of substitutions are described extensively in the literature and in particular 
with respect to their immunostimulating properties in Zhao et al. ( Bioorganic and Medicinal 
Chemistry Letters, 1999, 9:24:3453. Zhao et al. describes methods of preparing 2'-0-Me 

modifications to nucleic acids. 

The nucleic acid molecules of the invention may include naturally-occurring or 
synthetic purine or pyrimidine heterocyclic bases as well as modified backbones. Purine or 



42- 



pyrimidine heterocyclic bases include, but are not limited to, adenine, guanine, cytosine, 
thymidine, uracil, and inosine. Other representative heterocyclic bases are disclosed in US 
Patent No. 3,687,808, issued to Merigan, et al. The terms "purines" or "pyrimidines" or 
"bases" are used herein to refer to both naturally-occurring or synthetic purines, pyrimidines 
or bases. 

Other stabilized nucleic acids include non-ionic DNA analogs, such as alkyl- and aryl- 
phosphates (in which the charged phosphonate oxygen is replaced by an alkyl or aryl group), 
phosphodiester and alkylphosphotriesters, in which the charged oxygen moiety is alkylated. 
Nucleic acids which contain diol, such as tetraethyleneglycol or hexaethyleneglycol, at either 
) or both termini have also been shown to be substantially resistant to nuclease degradation. 

The antiangiogenic nucleic acids having backbone modifications useful according to 
the invention in some embodiments are S- or R-chiral antiangiogenic nucleic acids. An "S 
chiral antiangiogenic nucleic acid" as used herein is an antiangiogenic nucleic acid wherein at 
least two nucleotides have a backbone modification forming a chiral center and wherein a 
5 plurality of the chiral centers have S chirality. An "R chiral antiangiogenic nucleic acid" as 

used herein is an antiangiogenic nucleic acid wherein at least two nucleotides have a 
! backbone modification forming a chiral center and wherein a plurality of the chiral centers 
have R chirality. The backbone modification may be any type of modification that forms a 
chiral center. The modifications include but are not limited to phosphorothioate, 
20 methylphosphonate, methylphosphorothioate, phosphorodithioate, p-ethoxy, 2'-0-Me and 

combinations thereof. 

The chiral antiangiogenic nucleic acids must have at least two nucleotides within the 
nucleic acid that have a backbone modification. All or less than all of the nucleotides in the 
nucleic acid, however, may have a modified backbone. Of the nucleotides having a modified 

25 backbone (referred to as chiral centers), a plurality have a single chirality, S or R. A 

"plurality" as used herein refers to an amount greater than 50%. Thus, less than all of the 
chiral centers may have S or R chirality as long as a plurality of the chiral centers have S or R 
chirality. In some embodiments at least 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 
or 100% of the chiral centers have S or R chirality. In other embodiments at least 55%, 60%, 

30 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% of the nucleotides have backbone 
modifications. 

The S- and R- chiral antiangiogenic nucleic acids may be prepared by any method 
known in the art for producing chirally pure oligonucleotides. Stec et al teach methods for 
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producing stereopure phosphororhioate oligodeoxynucleotides usiug an oxatiriaphospholane. 
(Stee WJ etal.,1995,./ Am. Chem. So,., 117:12019). Other methods for making churally 
pure oligonucleotides have been described by companies such as ISIS Pharmaceuticals. US 
Patents which disclose methods for generating stereopure oligonucleotides include 5,883,237; 
5,837,856; 5,599,797; 5,512,668; 5,856,465; 5,359,052; 5,506,212; 5,521,302; and 5,212,295, 
each of which is hereby incorporated by reference in its entirety. 

As used herein, administration of an antiangiogenic nucleic acid is intended to 
embrace the administration of one or more antiangiogenic nucleic acids which may or may 
no. differ in terms of their profile, sequence, backbone modifications and biological effect. 
As an example, CpO nucleic acids and T-rich nucleic acids may be administered to a stngle 
subject along with other antiangiogenic medicament©, such as endostatin or angiostatm. In 
another exam pl e, a plurality of CpO nucleic acids which differ in nucleotide sequence may 

also be administered to a subject. 

The invention encompasses the administration of the antiangiogenic nucleic acids 
along with other medicaments in order to provide a synergistic effect useful in the prevention 
and/or treatment of conditions that involve unwanted angiogenesis, such as cancer. 
Accordingly, methods for inhibition of angiogenesis are provided. The methods include the 
administration of at least one antiangiogenic nucleic acid formulated for administration to a 
subject Non-nucleic acid antiangiogenesis molecules also can be administered to the subject, 
including, but not limited to endogenous angiogenesis inhibitors including PD 174073 and PD 
166285 (Parke-Davis), SU5416 and SU6668 (Sugen), ZD 4190 and ZD 6474 (Zeneca), PTK 
787 (also known as CGP79787or ZK22584) (Novartis), Anti-VEGF mAb (Genentech), Anti- 
KDR mAb (ImClone), RPI 4610 (Ribozyme), TNP 470 (Abbott/TAP), AG 3340 (Agouron), 
Marimastat (British Biotech), Bay 12-9566 (Bayer), Neovastat (Aeterna), BMS 275291 
(Bristol Myers-Squibb), CGS 27023A (Novartis), D1927 Chiroscience), D2163 
(Chiroscience), Isoouinolines (Pfizer), Vitaxin (IXSYS), S-137 (Searle), S-836 (Searle), 
SM256 (Dupont), SG545 (Dupont), Angiostatin (EntreMed), Endostatin (EntreMed), 
Thalidomide (EntreMed), Squalamine (Magainin), CAI (National Cancer Institute), CM-101 
(CarboMed), U-995 (Gwo-Chyang GMP), Combretastatin A-4 (Oxigene), platelet factor-4, 
vasostatin, thrombospondin, tissue inhibitors of metalloproteinases (TIMPs), STI412 (Sun and 
McMahon, Drug Discov. Today 5(8):344-353, 2000; Klohs and Hamby, Cur, O pi n. 
Biotechnol. 10:544-549, 1999), fumagillin, non-glucocorticoid steroids and heparin and 
heparin fragments and antibodies to oen or more angiogenic peptides such as ct-FGF, P -FGF, 
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VEGF IL-8 andGM-CSF. Some of the foregoing may be administered in the form of 
nucleic acids encoding proteins; in each case the active agent is a protein and not the nucleic 

acid encoding the protein. 

The antiangiogenic nucleic acid molecules of the invention can be administered 
concurrently with, or sequentially with, the non-nucleic acid antiangiogenesis molecules 
described above. Coadministration may be in the form of administration of a composmon 
containing both kinds of antiangiogenic agents, or a plurality of compositions, each of winch 
may contain one or more than one of the antiangiogenic agents. 

The invention may be used in the treatment of cancer, but is not so limited. In these 
methods, an effective amount of at least one antiangiogenic nucleic acid is administered to a 
subject having cancer, or in other instances a subject at risk of developing cancer. Other non- 
nucleic acid antiangiogenesis molecules also can be administered, as described above. In 
addition, in certain embodiments of the invention, anticancer molecules are administered in 
combination with the antiangiogenesis molecules. 

The compounds useful in the invention may be delivered in a mixture with 
antiproliferative agents (particularly anticancer agents) which are not antiangiogenic nucleic 
acids One of ordinary skill in the art is familiar with a variety of antiproliferative agents 
which are used in the medical arts to treat proliferative diseases such as cancer. These anti- 
cancer agents may act by directly killing cells, such as cancer cells (i.e., direct action anti- 
cancer agents), or alternatively they may act by sensitizing cells to direct action anti-cancer 
agents (i e., indirect action anti-cancer agents). Those of skill in the art will recognize the 
distinction and are familiar with agents of either class. Anticancer agents include, but are not 
limited to, the following sub-classes of compounds: 

Antineoplastic agents such as: Acivicin; Aclarubicin; Acodazole Hydrochloride; 
Acronine; Adozelesin; Adriamycin; Aldesleukin ; Altretamine; Ambomycin; Ametantrone 
Acetate- Aminoglutethimide; Amsacrine; Anastrozole; Anthramycin; Asparaginase; Asperlin 
• Azacitidine; Azetepa; Azotomycin; Batimastat; Benzodepa; Bicalutamide; Bisantrene 
Hydrochloride; Bisnafide Dimesylate; Bizelesin; Bleomycin Sulfate; Brequinar Sodium; 
Bropirimine ; Busulfan; Cactinomycin; Calusterone; Caracemide; Carbetimer; Carboplatin; 
Carmustine; Carubicin Hydrochloride; Carzelesin; Cedefingol; Chlorambucil; Cirolemycin ; 
Cisplatin- Cladribine; Crisnatol Mesylate; Cyclophosphamide ; Cytarabine ; Dacarbazine; 
DACA (N-[2-(Dimemyl-amino)ethyl]acridine-4-carboxamide); Dactinomycin; Daunorubicin 
Hydrochloride; Daunomycin; Decitabine; Dexormaplatin; Dezaguanine; Dezaguanine 
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Mesylate; Diaziquone; Docetaxel; Doxorubicin; Doxorubicin Hydrochloride; Droloxxfene; 
Droloxifene Citrate; Dromostanolone Propionate; Duazomycin; Edatrexate; Eflonutlune 
Hydrochloride ; Elsamitrucin; Enloplatin; Enpromate; Epipropidine; Epirubicin 
Hydrochloride; Erbulozole; Esorubicin Hydrochloride; Estramustine; Estramustine Phosphate 
Sodium- Etanidazole; Ethiodized Oil 1 131; Etoposide; Etoposide Phosphate; Etopnne; 
Fadrozole Hydrochloride; Fazarabine; Fenretinide; Floxuridine; Fludarabine Phosphate; 
Fluorouracil; 5-FdUMP; Flurocitabine; Fosquidone; Fostriecin Sodium; Gemcitabine; 
Gemcitabine Hydrochloride; Gold Au 198 ; Hydroxyurea; Idarubicin Hydrochloride; 
Ifosfamide; Ilmofosine; Interferon Alfa-2a ; Interferon Alfa-2b ; Interferon Alfa-nl ; 
Interferon Alfa-n3; Interferon Beta- I a ; Interferon Gamma- I b; Iproplatin; Innotecan 
Hydrochloride ; Lanreotide Acetate; Letrozole; Leuprolide Acetate ; Liarozole Hydrochlonde; 
Lometrexol Sodium; Lomustine; Losoxantrone Hydrochloride; Masoprocol; Maytansine; 
Mechlorethamine Hydrochloride; Megestrol Acetate; Melengestrol Acetate; Melphalan; 
Menogaril; Mercaptopurine; Methotrexate; Methotrexate Sodium; Metoprine; Meturedepa; 
Mitindomide; Mitocarcin; Mitocromin; Mitogillin; Mitomalcin; Mitomycin; Muosper; 
Mitotane; Mitoxantrone Hydrochloride; Mycophenolic Acid; Nocodazole; Nogalamycin; 
Ormaplatin; Oxisuran; Paclitaxel; Pegaspargase; Peliomycin; Pentamustine; Peplomycm 
Sulfate- Perfosfamide; Pipobroman; Piposulfan; Piroxantrone Hydrochloride; Plicamycm; 
Plomestane; Porfimer Sodium; Porfiromycin ; Prednimustine; Procarbazine Hydrochlonde; 
Puromycin; Puromycin Hydrochloride; Pyrazofurin; Riboprine; Rogletimide; Safingol ; 
Safingol Hydrochloride ; Semustine; Simtrazene; Sparfosate Sodium; Sparsomycin; 
Spirogermanium Hydrochloride; Spiromustine; Spiroplatin; Streptonigrin; Streptozocin; 
Strontium Chloride Sr 89; Sulofenur; Talisomycin; Taxane; Taxoid; Tecogalan Sodium; 
Tegafur; Teloxantrone Hydrochloride; Temoporfin; Teniposide; Teroxirone; Testolact 9 ne; 
Thiamiprine; Thioguanine; Thiotepa; Thymitaq; Tiazofurin; Tirapazamine; Tomudex; TOP- 
53; Topotecan Hydrochloride; Toremifene Citrate; Trestolone Acetate; Triciribine Phosphate; 
Trimetrexate; Trimetrexate Glucuronate; Triptorelin; Tubulozole Hydrochloride; Uracil 
Mustard; Uredepa; Vapreotide; Verteporfm; Vinblastine; Vinblastine Sulfate; Vincristine; 
Vincristine Sulfate; Vindesine; Vindesine Sulfate; Vinepidine Sulfate; Vinglycinate Sulfate; 
Vinleurosine Sulfate; Vinorelbine Tartrate; Vinrosidine Sulfate; Vinzolidine Sulfate; 
Vorozole; Zeniplatin; Zinostatin; Zorubicin Hydrochloride; 2-Chlorodeoxyadenosine; T- 
Deoxyformycin; 9-aminocamptothecin; raltitrexed; N-propargyl-5,8-dideazafolic acid; 2- 



-46- 

cWoro-2'-arabino-fluoro-2'-deoxyadenosine;2-cWoro-2'-deoxyadenosine;anisomycin; 

trichostatin A; hPRL-G129R; CEP-751; linomide. 

Other antineoplastic compounds include: 20-epi-l,25 dihydroxyvitamin D3; 
5-ethynvluracil; abiraterone; aclarubicin; acylfulvene; adecypenol; adozelesin; aldesleukin; 
ALL-TK antagonists; altretamine; ambamustine; amidox; amifostine; aminolevulinic acid; 
amrubicin; amsacrine; anagrelide; anastrozole; andrographolide; angiogenesis inhibitors; 
antagonist D; antagonist G; antarelix; anti-dorsalizing morphogenetic protein-1 ; antiandrogen, 
prostatic carcinoma; antiestrogen; antineoplaston; antisense oligonucleotides; aphidicolin 
glycinate; apoptosis gene modulators; apoptosis regulators; apurinic acid; 
ara-CDP-DL-PTB A; arginine deaminase; asulacrine; atamestane; atrimustine; axinastatin 1 ; 
W axinastatin 2; axinastatin 3; azasetron; azatoxin; azatyrosine; baccatin III derivatives; balanol; 
batimastat; BCR/ABL antagonists; benzochlorins; benzoylstaurosporine; beta lactam 
derivatives; beta-alethine; betaclamycin B; betulinic acid; bFGF inhibitor; bicalutamide; 
bisantrene; bisaziridinylspermine; bisnafide; bistratene A; bizelesin; breflate; bropirimine; 
„ . , budotitane; buthionine sulfoximine; calcipotriol; calphostin C; camptothecin derivatives (e.g., 
H : 10-hydroxy- camptothecin); canarypox IL-2; capecitabine; carboxamide-amino-triazole; 
| carboxyamidotriazole; CaRest M3; CARN 700; cartilage derived inhibitor; carzelesin; casein 
M kinase inhibitors (ICOS); castanospermine; cecropin B; cetrorelix; chlorins; 

chloroquinoxaline sulfonamide; cicaprost; cis-porphyrin; cladribine; clomifene analogues; 
20 clotrimazole; collismycin A; collismycin B; combretastatin A4; combretastatin analogue; 

conagenin; crambescidin 816; crisnatol; cryptophycin 8; cryptophycin A derivatives; curacin 
A; cyclopentanthraquinones; cycloplatam; cypemycin; cytarabine ocfosfate; cytolytic factor; 
cytostatic dacliximab; decitabine; dehydrodidemnin B; deslorelin; dexifosfamide; 
dexrazoxane; dexverapamil; diaziquone; didemnin B; didox; diethylnorspermine; 
25 dihydro-5-azacytidine; dihydrotaxol, 9-; dioxamycin; diphenyl spiromustine; discodermolide; 
docosanol; dolasetron; doxifluridine; droloxifene; dronabinol; duocarmycin SA; ebselen; 
ecomustine; edelfosine; edrecolomab; eflornithine; elemene; emitefur; epirubicin; epothilones 
including desoxyepothilones (A, R = H; B, R = Me); epithilones; epristeride; estramustine 
analogue; estrogen agonists; estrogen antagonists; etanidazole; etoposide; etoposide 4'- 
30 phosphate (etopofos); exemestane; fadrozole; fazarabine; fenretinide; filgrastim; finasteride; 
flavopiridol; flezelastine; fiuasterone; fludarabine; fluorodaunorunicin hydrochloride; 
forfenimex; formestane; fostriecin; fotemustine; gadolinium texaphyrin; gallium nitrate; 
galocitabine; ganirelix; gelatinase inhibitors; gemcitabine; glutathione inhibitors; hepsulfam; 
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heregulin; hexamethylene bisacetamide; hypericin; ibandronic acid; idarubicin; idoxrfene; 
idramantone; ilmofosine; ilomastat; imidazoacridones; imiquimod; immunostunulant 
peptides; insulin-like growth factor-1 receptor inhibitor; interferon agonists; interferons; 
interleukins; iobenguane; iododoxorubicin; ipomeanol, 4-; irinotecan; iroplact; irsogladine; 
isobengazole; isohomohalicondrin B; itasetron; jasplakinolide; kahalalide F; lamellann-N 
triacetate; lanreotide; leinamycin; lenograstim; lentinan sulfate; leptolstatin; letrozole; 
leukemia inhibiting factor; leukocyte alpha interferon; leuprolide + estrogen + progesterone; 
leuprorelin; levamisole; liarozole; linear polyamine analogue; lipophilic disaccharide peptide; 
lipophilic platinum compounds; lissoclinamide 7; lobaplatin; lombricine; lometrexol; 
lonidamine; losoxantrone; lovastatin; loxoribine; lurtotecan; lutetium texaphyrin; lysofylhne; 
lytic peptides; maitansine; mannostatin A; maximastat; masoprocol; maspin; matnlysin 
inhibitors; matrix metalloproteinase inhibitors; menogaril; merbarone; meterehn; 
methioninase; metoclopramide; MIF inhibitor; mifepristone; miltefosine; minmostim; 
mismatched double stranded RNA; mithracin; mitoguazone; mitolactol; mitomycin 
analogues; mitonafide; mitotoxin fibroblast growth factor-saporin; mitoxantrone; mofarotene; 
molgramostim; monoclonal antibody, human chorionic gonadotropin; monophosphoryl lipid 
A + myobacterium cell wall sk; mopidamol; multiple drug resistance gene inhibitor; multiple 
tumor suppressor 1-based therapy; mustard anticancer agent; mycaperoxide B; mycobactenal 
cell wall extract; myriaporone; N-acetyldinaline; N-substituted benzamides; nafarehn; 
nagrestip; naloxone + pentazocine; napavin; naphterpin; nartograstim; nedaplatin; 
nemorubicin; neridronic acid; neutral endopeptidase; nilutamide; nisamycin; mtnc oxide 
modulators; nitroxide antioxidant; nitrullyn; 06-benzylguanine; octreotide; okicenone; 
oligonucleotides; onapristone; ondansetron; ondansetron; oracin; oral cytokine inducer; 
ormaplatin; osaterone; oxaliplatin; oxaunomycin; paclitaxel analogues; paclitaxel denvatives; 
palauamine; palmitoylrhizoxin; pamidronic acid; panaxytriol; panomifene; parabactin; 
pazelliptine; pegaspargase; peldesine; pentosan polysulfate sodium; pentostatin; pentrozole; 
perflubron; perfosfamide; perillyl alcohol; phenazinomycin; phenylacetate; phosphatase 
inhibitors; picibanil; pilocarpine hydrochloride; pirarubicin; piritrexim; placetin A; placetm B; 
plasminogen activator inhibitor; platinum complex; platinum compounds; platinum-tnamine 
complex; podophyllotoxin; porfimer sodium; porfiromycin; propyl bis-acridone; 
prostaglandin J2; proteasome inhibitors; protein A-based immune modulator; protein kinase C 
inhibitor; protein kinase C inhibitors, microalgal; protein tyrosine phosphatase inhibitors; 
purine nucleoside phosphorylase inhibitors; purpurins; pyrazoloacridine; pyridoxylated 
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hemoglobin polyoxyethylene conjugate; raf antagonists; raltitrexed; ramosetron; ras famesyl 
protein transferase inhibitors; ras inhibitors; ras-GAP inhibitor; retelliptine demethylated; 
rhenium Re 186 etidronate; rhizoxin; ribozymes; RII retinamide; rogletimide; rohitukme; 
romurtide; roquinimex; rubiginone Bl; ruboxyl; safingol; saintopin; SarCNU; sarcophytol A; 
sargramostim; Sdi 1 mimetics; semustine; senescence derived inhibitor 1; sense 
oligonucleotides; signal transduction inhibitors; signal transduction modulators; single cham 
antigen binding protein; sizofiran; sobuzoxane; sodium borocaptate; sodium phenylacetate; 
solverol; somatomedin binding protein; sonermin; sparfosic acid; spicamycin D; 
spiromustine; splenopentin; spongistatin 1; squalamine; stem cell inhibitor; stem-cell division 
inhibitors; stipiamide; stromelysin inhibitors; sulfmosine; superactive vasoactive intestinal 
peptide antagonist; suradista; suramin; swainsonine; synthetic glycosaminoglycans; 
tallimustine; tamoxifen methiodide; tauromustine; tazarotene; tecogalan sodium; tegafur; 
tellurapyrylium; telomerase inhibitors; temoporfxn; temozolomide; teniposide; 
tetrachlorodecaoxide; tetrazomine; thaliblastine; thalidomide; thiocoraline; thrombopoxetm; 
thrombopoietin mimetic; thymalfasin; thymopoietin receptor agonist; thymotrinan; thyroid 
stimulating hormone; tin ethyl etiopurpurin; tirapazamine; titanocene dichloride; topotecan; 
topsentin; toremifene; totipotent stem cell factor; translation inhibitors; tretinoin; 
triacetyluridine; triciribine; trimetrexate; triptorelin; tropisetron; turosteride; tyrosine kinase 
inhibitors; tyrphostins; UBC inhibitors; ubenimex; urogenital sinus-derived growth inhibitory 
factor; urokinase receptor antagonists; vapreotide; variolin B; vector system, erythrocyte gene 
therapy; velaresol; veramine; verdins; verteporfm; vinorelbine; vinxaltine; vitaxin; vorozole; 
zanoterone; zeniplatin; zilascorb; zinostatin stimalamer. 

Anti-cancer Supplementary Potentiating Agents: Tricyclic anti-depressant drugs (e.g., 
imipramine, desipramine, amitryptyline, clomipramine, trimipramine, doxepin, nortriptyline, 
protriptyline, amoxapine and maprotiline); non-tricyclic anti-depressant drugs (e.g., sertraline, 
trazodone and citalopram); Ca" antagonists (e.g., verapamil, nifedipine, nitrendipine and 
caroverine); Calmodulin inhibitors (e.g., prenylamine, trifluoroperazine and clomipramme); 
Amphotericin B; Triparanol analogues (e.g., tamoxifen); antiarrhythmic drugs (e.g., 
quinidine); antihypertensive drugs (e.g., reserpine); Thiol depleters (e.g., buthionine and 
sulfoximine) and Multiple Drug Resistance reducing agents such as Cremaphor EL. The 
compounds of the invention also can be administered with cytokines such as granulocyte 

colony stimulating factor. 

Antiproliferative agent: Piritrexim Isethionate. 
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Radioactive agents: Fibrinogen I 125 ; Fludeoxyglucose F 18 ; Fluorodopa F 18 ; 
InsulinI 125;lnsulinl 131; Iobenguane I 123; Iodipamide Sodium I 131 ; Iodoantipyrine I 
131 ; Iodocholesterol 1131; Iodohippurate Sodium I 123 ; Iodohippurate Sodium I 125 ; 
lodohippurate Sodium 1131; lodopyracet I 125 ; Iodopyracet 1131; lofetamine 
Hydrochloride I 123 ; Iomethin 1 125 ; Iomethin 1131; Iothalamate Sodium I 125 ; 
lothalamate Sodium 1131; Iotyrosine 1 131; Liothyronine I 125; Liothyronine I 131; 
Merisoprol Acetate Hg 197; Merisoprol Acetate Hg 203; Merisoprol Hg 197 ; 
Selenomethionine Se 75 ; Technetium Tc 99m Antimony Trisulfide Colloid; Technetium Tc 
99m Bicisate ; Technetium Tc 99m Disofenin ; Technetium Tc 99m Etidronate ; Technetium 
Tc 99m Exametazime ; Technetium Tc 99m Furifosmin ; Technetium Tc 99m Gluceptate ; 
Technetium Tc 99m Lidofenin ; Technetium Tc 99m Mebrofenin ; Technetium Tc 99m 
Medronate ; Technetium Tc 99m Medronate Disodium; Technetium Tc 99m Mertiatxde ; 
Technetium Tc 99m Oxidronate ; Technetium Tc 99m Pentetate; Technetium Tc 99m 
Pentetate Calcium Trisodium; Technetium Tc 99m Sestamibi ; Technetium Tc 99m 
Siboroxime ; Technetium Tc 99m Succimer ; Technetium Tc 99m Sulfur Colloid ; 
Technetium Tc 99m Teboroxime ; Technetium Tc 99m Tetrofosmin ; Technetium Tc 99m 
Tiatide; Thyroxine I 125; Thyroxine 1131; Tolpovidone 1 131 ;TrioleinI 125; Triolein I 131. 

The present invention further includes nucleic acid molecules formulated into a 
pharmaceutical composition for the inhibition of angiogenesis. The pharmaceutical 
compositions of the invention include those suitable for oral, rectal, nasal, topical (including 
buccal and sublingual), vaginal or parenteral (including subcutaneous, intramuscular, 
intravenous, intratumoral and intradermal) administration. 

The nucleic acids are delivered in effective amounts. In general, the term "effective 
amount" of a nucleic acid refers to the amount necessary or sufficient to realize a desired 
biologic effect. Specifically, the effective amount is that amount that reduces the rate or 
inhibits altogether angiogenesis. For instance, when the subject bears a tumor having a blood 
supply, an effective amount is that amount which decreases or eliminates all together the 
blood supply to the tumor. Additionally, an effective amount may be that amount which 
prevents an increase or causes a decrease in new blood vessels, e.g., those vessels supplying a 
tumor. The effective amount may vary depending upon whether the antiangiogenic nucleic 
acid is used alone or in combination with other therapeutics, or in single or multiple dosages. 
In some instances, it is envisioned that the combination of antiangiogenic nucleic acids with 
other therapeutic agents (which are themselves not antiangiogenic nucleic acids) can result in 
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a synergism between the two compound classes, and thereby would require less of one or both 
compounds in order to observe the desired biologic effect. Combined with the teachings 
provided herein, by choosing among the various active compounds and weighing factors such 
as potency, relative bioavailability, patient body weight, severity of adverse side-effects and 
preferred mode of administration, an effective prophylactic or therapeutic treatment regimen 
can be planned which does not cause substantial toxicity and yet is entirely effective to treat 
the particular subject. As mentioned above, the effective amount for any particular 
application can vary depending on such factors as the type of condition having unwanted 
angiogenesis being treated or prevented, the particular nucleic acid being administered (e.g. 
the number of unmethylated CpG motifs or their location in the nucleic acid), the use of 
another antiangiogenesis agent, the size of the subject, or the severity of the disease or 
condition. One of ordinary skill in the art can empirically determine the effective amount of a 
particular nucleic acid molecule without necessitating undue experimentation. 

Subject doses of the compounds described herein typically range from about 0.1 ug to 
10 mg per administration, which depending on the application could be given hourly, daily, 
weekly, or monthly and any other amount of time therebetween. More typically doses range 
from about 10 ug to 5 mg per administration, and most typically from about 100 ug to 1 mg, 
with 2 - 4 administrations being spaced hours, days or weeks apart. In some embodiments, 
however, parenteral doses for these purposes may be used in a range of 5 to 10,000 times 
higher than the typical doses described above. 

For any compound described herein the therapeutically effective amount can be 
initially determined from animal models, e.g. the animal models described herein or those 
well known in the art. A therapeutically effective dose can also be determined from human 
data for CpG nucleic acids which have been tested in humans (human clinical trials have been 
initiated and the results publicly disseminated) and for compounds which are known to exhibit 
similar pharmacological activities, such as other antiangiogenesis agents. Higher doses may 
be required for parenteral administration, as described above. The applied dose can be 
adjusted based on the relative bioavailability and potency of the administered compound. 
Adjusting the dose to achieve maximal efficacy based on the methods described above and 
other methods as are well-known in the art is well within the capabilities of the ordinarily 
skilled artisan. 

The formulations of the invention are administered in pharmaceutically acceptable 
solutions, which may routinely contain pharmaceutically acceptable concentrations of salt, 
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buffering agents, preservatives, compatible carriers, adjuvants, and optionally other 
therapeutic ingredients. 

For use in therapy, an effective amount of the nucleic acid can be administered to a 
subject by any mode that delivers the nucleic acid to a subject. "Administering" the 
pharmaceutical composition of the present invention may be accomplished by any means 
known to the skilled artisan. Some routes of administration include but are not limited to oral, 
intranasal, intratracheal, inhalation, ocular, vaginal, rectal, parenteral (e.g. intramuscular, 
intradermal, intravenous, intratumoral or subcutaneous injection) and direct injection. 

For oral administration, the compounds (i.e., antiangiogenic nucleic acid molecules 
and optionally other antiangiogenesis agents) can be delivered alone without any 
pharmaceutical carriers or formulated readily by combining the active compound(s) with 
pharmaceutically acceptable carriers well known in the art. The term "pharmaceutically- 
acceptable carrier" means one or more compatible solid or liquid filler, diluents or 
encapsulating substances which are suitable for administration to a human or other vertebrate 
animal. The term "carrier" denotes an organic or inorganic ingredient, natural or synthetic, 
with which the active ingredient is combined to facilitate the application. The components of 
the pharmaceutical compositions also are capable of being commingled with the compounds 
of the present invention, and with each other, in a manner such that there is no interaction 
which would substantially impair the desired pharmaceutical efficiency. 

Such carriers enable the compounds of the invention to be formulated as tablets, pills, 
dragees, capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral ingestion by 
a subject to be treated. Pharmaceutical preparations for oral use can be obtained as solid 
excipient, optionally grinding a resulting mixture, and processing the mixture of granules, 
after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores. Suitable 
excipients are, in particular, fillers such as sugars, including lactose, sucrose, mannitol, or 
sorbitol; cellulose preparations such as, for example, maize starch, wheat starch, rice starch, 
potato starch, gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyl-cellulose, 
sodium carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP). If desired, 
disintegrating agents may be added, such as the cross-linked polyvinyl pyrrolidone, agar, or 
alginic acid or a salt thereof such as sodium alginate. Optionally the oral formulations may 
also be formulated in saline or buffers for neutralizing internal acid conditions. 

Dragee cores may be provided with suitable coatings. For this purpose, concentrated 
sugar solutions may be used, which may optionally contain gum arabic, talc, polyvinyl 
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pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions, and 
suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be added to the 
tablets or dragee coatings for identification or to characterize different combinations of active 
compound doses. 

Pharmaceutical preparations which can be used orally include push-fit capsules made 
of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such as glycerol 
or sorbitol. The push-fit capsules can contain the active ingredients in admixture with filler 
such as lactose, binders such as starches, and/or lubricants such as talc or magnesium stearate 
and, optionally, stabilizers. In soft capsules, the active compounds may be dissolved or 
suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid polyethylene glycols. 
In addition, stabilizers may be added. Microspheres formulated for oral administration may 
also be used. Such microspheres have been well defined in the art. All formulations for oral 
administration should be in dosages suitable for such administration. 

For buccal administration, the compositions may take the form of tablets or lozenges 
formulated in conventional manner. 

For administration by inhalation, the compounds for use according to the present 
invention may be conveniently delivered in the form of an aerosol spray, from pressurized 
packs or a nebulizer, with the use of a suitable propellant, e.g., dichlorodifluoromethane, 
trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the 
case of a pressurized aerosol the dosage unit may be determined by providing a valve to 
deliver a metered amount. Capsules and cartridges of e.g. gelatin for use in an inhaler or 
insufflator may be formulated containing a powder mix of the compound and a suitable 
powder base such as lactose or starch. 

The compounds, when it is desirable to deliver them systemically, may be formulated 
for parenteral administration by injection, e.g., by bolus injection or continuous infusion. 
Formulations for injection may be presented in unit dosage form, e.g. , in ampoules or in 
multi-dose containers, with an added preservative. The compositions may take such forms as 
suspensions, solutions or emulsions in oily or aqueous vehicles, and may contain formulatory 
agents such as suspending, stabilizing and/or dispersing agents. 

Pharmaceutical formulations for parenteral administration include aqueous solutions 
of the active compounds in water-soluble form. Additionally, suspensions of the active 
compounds may be prepared as appropriate oily injection suspensions. Suitable lipophilic 
solvents or vehicles include fatty oils such as sesame oil, or synthetic fatty acid esters, such as 
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ethyl oleate or triglycerides, or liposomes. Aqueous injection suspensions may contain 
substances which increase the viscosity of the suspension, such as sodium carboxymethyl 
cellulose, sorbitol, or dextran. Optionally, the suspension may also contain suitable stabilizers 
or agents which increase the solubility of the compounds to allow for the preparation of 
5 highly concentrated solutions. 

Alternatively, the active compounds may be in powder form for constitution with a 
suitable vehicle, e.g., sterile pyrogen-free water, before use. 

The compounds may also be formulated in rectal or vaginal compositions such as 
p, suppositories or retention enemas, e.g., containing conventional suppository bases such as 
plO cocoa butter or other glycerides. 

£ In addition to the formulations described previously, the compounds may also be 

% formulated as a depot preparation. Such long acting formulations may be formulated with 

suitable polymeric or hydrophobic materials (for example as an emulsion in an acceptable oil) 
or ion exchange resins, or as sparingly soluble derivatives, for example, as a sparingly soluble 
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The pharmaceutical compositions also may comprise suitable solid or gel phase 
carriers or excipients. Examples of such carriers or excipients include but are not limited to 
M ' calcium carbonate, calcium phosphate, various sugars, starches, cellulose derivatives, gelatin, 
and polymers such as polyethylene glycols. 
20 Suitable liquid or solid pharmaceutical preparation forms are, for example, aqueous or 

saline solutions for inhalation, microencapsulated, encochleated, coated onto microscopic 
gold particles, contained in liposomes, nebulized, aerosols, pellets for implantation into the 
skin, or dried onto a sharp object to be scratched into the skin. The pharmaceutical 
compositions may also include granules, powders, tablets, coated tablets, (micro)capsules, 
25 suppositories, syrups, emulsions, suspensions, creams, drops or preparations with protracted 
release of active compounds, in whose preparation excipients and additives and/or auxiliaries 
such as disintegrants, binders, coating agents, swelling agents, lubricants, flavorings, 
sweeteners or solubilizers are customarily used as described above. The pharmaceutical 
compositions are suitable for use in a variety of drug delivery systems. For a brief review of 
30 present methods for drug delivery, see Langer, Science 249:1527-1533, 1990, which is 
incorporated herein by reference. 

The nucleic acid molecules and/or agents (e.g., antiangiogenesis agents, anticancer 
agents) may be administered per se (neat) or in the form of a pharmaceutical^ acceptable salt. 
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When used in medicine the salts should be pharmaceutical* acceptable, but non- 
pharmaceutically acceptable salts may conveniently be used to prepare pharmaceutical* 
acceptable salts thereof. Such salts include, but are not limited to, those prepared from the 
following acids: hydrochloric, hydrobromic, sulphuric, nitric, phosphonc, maleic, acet 1C , 
salicylic, p-toluene sulphonic, tartaric, citric, methane sulphonic, formic, malonic, succinic 
naphthalene-2-sulphonic, and benzene sulphonic. Also, such salts can be prepared as a kahne 
metal or alkaline earth salts, such as sodium, potassium or calcium salts of the carboxyhc acid 

8rOUP ' Suitable buffering agents include: acetic acid and a salt (1-2% w/v); citric acid and a 
salt (1-3% w/v); boric acid and a salt (0.5-2.5% w/v); and phosphoric acid and a salt (0.8-2% 
w/v) Suitable preservatives include benzalkonium chloride (0.003-0.03% w/v); 
chlorobutanol (0.3-0.9% w/v); parabens (0.01-0.25% w/v) and thimerosal (0.004-0.02% w/v). 

The nucleic acids or other therapeutics useful in the invention may be delivered in 
mixtures with additional antiangiogenesis agent(s). A mixture may consist of several 
antiangiogenesis agents in addition to the nucleic acid. 

A variety of administration routes are available. The particular mode selected will 
depend, of course, upon the particular nucleic acid molecules or other agents selected, the 
particular condition being treated and the dosage required for therapeutic efficacy. The 
methods of this invention, generally speaking, may be practiced using any mode of 
administration that is medically acceptable, meaning any mode that produces effective levels 
of an immune response without causing clinically unacceptable adverse effect, Preferred 
modes of administration are discussed above. 

The compositions may conveniently be presented in unit dosage form and may be 
prepared by any of the methods well known in the art of pharmacy. All methods include the 
step of bringing the compounds into association with a carrier which constitutes one or more 
accessory ingredients. In general, the compositions are prepared by uniformly and intimately 
bringing the compounds into association with a liquid carrier, a finely divided solid carrier, or 
both, and then, if necessary, shaping the product. Liquid dose units are vials or ampoule, 
Solid dose units are tablets, capsules and suppositories. 

Other delivery systems can include time-release, delayed release or sustained release 
delivery systems. Such systems can avoid repeated administrations of the compounds, 
increasing convenience to the subject and the physician. Many types of release delivery 
systems are available and known to those of ordinary skill in the art. They include polymer 
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base systems such as poly(lactide-glycolide), copolyoxalates, polycaprolactones, 
polyesteramides, polyorthoesters, polyhydroxybutyric acid, and polyanhydrides. 
Microcapsules of the foregoing polymers containing drugs are described in, for example, U.S. 
Patent 5,075,109. Delivery systems also include non-polymer systems that are: lipids 
including sterols such as cholesterol, cholesterol esters and fatty acids or neutral fats such as 
mono-di-and tri-glycerides; hydrogel release systems; sylastic systems; peptide based 
systems; wax coatings; compressed tablets using conventional binders and excipients; 
partially fused implants; and the like. Specific examples include, but are not limited to: (a) 
erosional systems in which an agent of the invention is contained in a form within a matrix 
such as those described in U.S. Patent Nos. 4,452,775, 4,675,189, and 5,736,152, and (b) 
diffusional systems in which an active component permeates at a controlled rate from a 
polymer such as described in U.S. Patent Nos. 3,854,480, 5,133,974 and 5,407,686. In 
addition, pump-based hardware delivery systems can be used, some of which are adapted for 
implantation. In still other embodiments, the agents and nucleic acids are formulated with 
GELFOAM, a commercial product consisting of modified collagen fibers that degrade slowly. 

The nucleic acid may be directly administered to the subject or may be administered in 
conjunction with a pharmaceutical^ acceptable carrier or a delivery vehicle. The nucleic acid 
and optionally other therapeutic agents may be administered alone (e.g. in saline or buffer) or 
using any delivery vehicles known in the art. One type of delivery vehicle is referred to 
herein as a nucleic acid delivery complex. A "nucleic acid delivery complex" shall mean a 
nucleic acid molecule associated with (e.g. ionically or covalently bound to; or encapsulated 
within) a targeting means (e.g. a molecule that results in higher affinity binding to target cell 
(e.g. dendritic cell surfaces and/or increased cellular uptake by target cells). Examples of 
nucleic acid delivery complexes include nucleic acids associated with: a sterol (e.g. 
cholesterol), a lipid (e.g. a cationic lipid, virosome or liposome), or a target cell specific 
binding agent (e.g. a ligand recognized by target cell specific receptor). Preferred complexes 
may be sufficiently stable in vivo to reduce significant uncoupling prior to internalization by 
the target cell. However, the complex may be cleavable under appropriate conditions within 
the cell so that the nucleic acid may be released in a functional form. 

The nucleic acid molecules may be delivered by non-invasive methods as described 
above. Non-invasive delivery of compounds is desirable for treatment of children, elderly, 
animals, and even adults and also to avoid the risk of needle-stick injury. Delivery vehicles 
for delivering compounds to mucosal surfaces have been described and include but are not 
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Hmited to: cochleates, emulsomes, ISCOMs, liposomes, live bacterial vectors (e.g., 
Salmonella, Escherichia coli, Bacillus calmatte-guerin, Shigella, Lactobacillus), live viral 
vectors (e.g., Vaccinia, adenovirus, Herpes Simplex), microspheres, nucleic acid vaccines, 
polymers (e.g. carboxymethylcellulose, chitosan), polymer rings, proteosomes, sodium 
fluoride, transgenic plants, virosomes, and virus-like particles. 

Examples 

1. Background 
1.1. Angiogenesis 

Angiogenesis describes the active biological process of blood vessel formation from 
pre-existing microvasculature (1, 2). In multi-celled organisms this is a highly organized and 
tightly regulated process that occurs normally during development, inflammation, and tissue 
repair. The importance of angiogenesis is reflected in the need of mammalian cells for 
oxygen and nutrients. Mammalian cells must be within a 200 uM distance of blood vessels, 
which is the diffusion limit for oxygen (3). Thus the overall driving factor for angiogenesis is 
the requirement for oxygen and nutrients. The normal regulation of angiogenesis is mediated 
by the balance between pro- and anti-angiogenic factors that are released in the tissues and are 
influenced by local environmental factors. 

1.2. Angiogenesis and neoplasms 

In a neoplastic situation, the balances of these pro- and anti-angiogenic factors are 
generally skewed in favor of angiogenesis. In this setting, angiogenesis is generally a highly 
disorganized and loosely regulated process that is an absolute requirement for the continued 
growth of neoplasms (3). Further, there is a direct correlation between the extent of 
vascularization found in neoplasms and the potential for metastasis (4). 

1.3. Angiogenesis and chemokines 

There are a number of pro- and anti-angiogenic factors that have been described to 
date (3). The focus of this analysis will be on the chemokines interferon-y-inducible protein 
(IP 10) and monokine induced by interferon-y (MIG). Chemokines are a collection of 
cytokines that possess chemoattracting properties (for review see (5)). Chemokines are 
classified on the basis of the motif displayed by the first two cysteine residues present in the 
protein (CXC, CC, C, or CX3C), and they signal through G-protein coupled, seven- 
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transmembrane receptors. Initially identified for their influence on hemopoietic cell 

migration, chemokines are now known to influence a number of physiological and 

pathological process including angiogenesis and angiostasis (5). 

IP-10 and MIG belong to a subset of the family of CXC chemokines (2) that bind the 

chemokine receptor CXCR3 (6). The CXC chemokine family can be further subdivided 
based on the presence or absence of a Glu-Leu-Arg or ELR motif at the NH2 terminus of the 
chemokine. CXC chemokines that contain the ELR motif are potent promoters of 
angiogenesis whereas CXC chemokines that lack the ELR motif, as is the case for IP-10 and 
MIG, are potent inhibitors of angiogenesis (2). 
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p 2. Material and Methods 



<D 2.1. ODNs 

J ODN 1826 (TCC ATG ACGTTCCTG ACGTT ; SEQ ID NO: 69) 
L 2.2 Matrigel® - (BD) 

S 15 Matrix solution is liquid at 4°C and solidifies at room temperature. When injected in vivo 
£ Matrigel solidifies to form a plug. Matrigel allows for the delivery of angiogenic promoters 
S such as basic fibroblastic growth factor (bFGF) for the induction of angiogenesis. Plugs can 
then be removed to evaluate the level of angiogenesis as identified by the concentration of 
hemoglobin present. This system can be used to evaluate the anti-angiogenic potential of 

20 different compounds. 

2.3 Hemoglobin quantification kit 
Drabkin method reagent kit (Sigma) 

2.4 Protein quantification 
Protein quantification kit (BioRad) 

25 2.5 Experimental design 

For each group of 5 mice, the Matrigel was prepared as follows: 
Grou p 1 - M atri gel alone. 

3.5 mL of Matrigel 

500 ^L/mouse was injected subcutaneously (SC) right of center of the abdomen 
Group 9 - Matrige l ± bFGF Q 50ng/mT ) + heparin (40 units/mL) 
52.5 \xL bFGF (10|ag/mL) 
23.2 ^iL heparin (6039 units/mL) 
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3.42 mL Matrigel 

500 uL/mouse was injected SC right of center of the abdomen 

Group 3 - Mattel + bFGF (1 50 n p/mT/> + heparin (40 units/mL) + olipo 1 826 (lmg/mL) 

52.5 uL bFGF (lOug/mL) 

23.2 uL heparin (6039 units/mL) 

233 uL oligo 1826 (15mg/mL) 

3.19 mL Matrigel 

500uL/mouse was injected SC right of center of the abdomen 
Group 4 - Matripel + bFGF Q SOng/mH + heparin (40 u nits/mL) 



%0 52.5 uL bFGF (10|j.g/mL) 



O 

H* 23 .2 uL heparin (6039 units/mL) 

3.42 mL Matrigel 
* 500 uL/mouse was injected SC right of center of the abdomen 

T This group received daily SC injections, for 6 days, of 100 uL of ODN 1826 (lmg/mL) on the 

jli 1 5 opposite flank from the Matrigel plug. 

2.6 Determination of Hemoglobin and total protein content of Matrigel plugs 
I On day 6 the animals were euthanised and the Matrigel plugs collected. The plugs were 
N ' placed in 0.3 mL of sterile PBS and placed at 4°C over night to allow the Matrigel to liquify. 
The hemoglobin and total protein content of the Matrigel plugs was determined using the 
methods described above. The hemoglobin content of the Matrigel plugs was expressed as 
(mg/mL)/mg of total protein. 



3. Preliminary Results 

When angiogenic factors were added to the Matrigel (Group 2), there was a significant 
25 increase in the amount of hemoglobin present in the Matrigel plug at 6 days when compared 
to Matrigel alone (Group 1) (p<0.05). (See Figure 1.) 

When CpG was included in the Matrigel plug along with the angiogenic factors 
(Group 3), there was a greater than 2 fold decrease in the amount of hemoglobin present in the 
Matrigel plug at 6 days when compared to the Matrigel containing the angiogenic factors 

30 (Group 2). (See Figure 1 .) 

When CpG was administered daily by subcutaneous injection, rather than present in 
the Matrigel plug, to the mouse in the flank opposite to the Matrigel plug which contained 
angiogenic factors (Group 4) there was no significant difference in the amount of hemoglobin 
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present in the Matrigel plug at 6 days when compared to Matrigel containing the angiogenic 
factors (Group 2). (See Figure 1.) 

These preliminary results suggest that the inclusion of CpG ODN directly within the 
Matrigel (Group 3) had a negative influence on angiogenesis. Although daily delivery of 
5 CpG to the opposite flank from the Matrigel plug did not appear to influence angiogenesis, it 
is possible that CpG administered intravenously or subcutaneously in a region closer to the 
plug (and accordingly tumor mass) would manifest anti-angiogenic activity. CpG ODN may 
have to be present in the vicinity of active angiogenesis in order to have a negative influence. 

D 
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Equivalents 

It should be understood that the preceding is merely a detailed description of certain 
preferred embodiments. It therefore should be apparent to those of ordinary skill in the art 
30 that various modifications and equivalents can be made without departing from the spirit and 
scope of the invention. It is intended that the invention encompass all such modifications 
within the scope of the appended claims. All references, patents and patent applications and 
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publications that are cited or referred to in this application are incorporated in their entirety 
herein by reference. 
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